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Correction 
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"hydraulic" should read “fossil" 


"fossil" should read "hydraulic" 
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Replace "add" by “multiply by" 

after "F&D run" insert “by customer damage cost" 
"18 months" should read "12 months" 


Replace "very quickly" by “in about 8 hours" 
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---Upon commencing at 10:00 a.m. 

THE REGISTRAR: Please come to order. 
The hearing is now in session. Please be seated. 
=s-Off > theyrecord: 

RONALD TABOREK, 

DAVID BARRIE, 

JOHN KENNETH SNELSON, 

JUDITH RYAN; Resumed 

DR. CONNELL: Mr. Chairman, I would like 
to just raise one more question, if I might, following 
on from yesterday's presentation. 

I don't know if the panel have the 
transcript. It doesn't particularly matter. I am 
looking at page 2808, when Mr. Taborek was describing 
unsupplied system minutes, and I thought I had a good 
grasp of the concept, but I wasn't sure after I read 
the transcript, and I SHetohe you might help me by 
Gla mity Engel te 

I take it that unsupplied system minutes | 
comes out of a computer program which you described in 
a perfunctory way. As you say at line 19, "You get out 
a term for megawatthours for energy, but to scale it to 
the size of your system, we divide it by the peak load 
to get system minutes." 

I take it, conceptually, there is no 


difference as to whether the entire system was shut 
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down for, let us say, 25 minutes, or different parts of 
it were shut down, so that the average across the 
system was 25 minutes at different times? 


MR. TABOREK: That's correct. The 


calculation will basically ‘jg 


full-time period in which energy was not supplied and 


itgWili@etermine iteinomegavatthours, the measure of 
energy, and that's energy not Supplied. 


Now, that number by itself, if you were 
experiencing that on a large system, that would have 
one effect relative to the system. If you were 
experiencing that number of megawatthours on a small 
system, it would be a much bigger affect. 

So in an attempt to express the 
unsupplied energy in megawatthours, in a yardstick or a 
measuring stick that is more related to the system, 
it's divided by some convenient measure of the system 
Size. And so the peak is chosen and so you get system 
minutes. And it is just a convenience to scale it toa 
more meaningful number that you can compare two 
different-sized systems. 

DR. CONNELL: Right. Now, I take it we 
are talking about interruptions here, which are the 
result of some problem in the bulk system. 


MR. TABOREK: Generally, there is 
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generically two causes, one that the load may be higher 
than you think or the generation may be lower than you 
think or it is an and/or, both happening together. 

DR. CONNELL: But this does not include 
problems at the local municipal utility level? 

MR. TABOREK: No. It's strictly related 
to generation. There is no transmission whatsoever. 

DR. CONNELL: And have you ever compared 
your analysis to actual experience? 

MR. TABOREK: The way in which we did 
that was our review of experience that we described to 
you yesterday, paiiok is not an attempt to apply our 
analysis directly and relate the model to real life. 
The reason you don't do that is these events that we 
are trying to model are very rare. And typically, they 
happen in the order of, what, once every 10 years? So 
sorting through, to find these rare and unusual 
experiences to match your model is a difficult thing to 
do. That's why we tried this other approach. 

Now, in the field of reliability theory 
development, there is a body of work that is attempting 
to -- in putting more emphasis on attempting to model, 
to fit model results with actuals, but we have haven't 
done that in this work. 


I seem to recall, if you will just excuse 
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me. «.<) In, the, earlyiwouk: thathyad rot-didernithismiieid, 
yes, in November 1978, a Mr. North from Hydro wrote up 
a memo, Frequency and Duration Program, Rough 
Comparison with Operational Past History. I have not 
found that and I am not aware, and I haven't pursued it 
very much because I don't think it gives that much 
additional information for what we are trying to do. 

Asi iieay, Sitvsvagvery' difficult thing to 
try to match the theory with the experiments, or with 
the actuals. 

DR. CONNELL: Thank you very much. 

THE CHAIRMAN: Mr. Watson? 

MR. WATSON: Thank you, Mr. Chairman. 

I have with me Mr. Dow@las"Logan, he is a 
Specialist in reliability analysis, resource planning 
and avoided cost. As a result you may see him in some 
later panels. 

The material that I will be referring to, 
I believe has been outlined for you, Exhibits 3, 4, 6, 
21, and874 

In addition, there are some documents 
which are not exhibits, which I will be referring to 
and which have been provided to the clerk and will be 
provided to you as we go through the cross-examination. 


And finally, there is a document, again, which is 
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provided to the clerk and to the various intervenors. 
Basically, it is excerpts from the various full 

documents and it should provide a very simple way for 
people to to follow through on the cross-examination. 

Mr. Chairman, I am going to start with 
YesServe margin questions, so I imagine I will be 
devoting most of these to Mr. Taborek and perhaps Mr. 
Snelson. 

If I could start with the 1989 
performance report, the BES reliability, pages 19 and 
20, if you could turn that up, please? 

THE CHAIRMAN: Is this an exhibit number? 

MR. WATSON: No, it isn't. The clerk has 
it.» If, he:.couldsprovide you, first of all, with the 
document which has a document precis on the front, and 
the document which I just referred was the '89 
performance report, that should be the next item, Mr. 
Clerk. 

THE CHAIRMAN: Should this document 
precis be marked as an exhibit? 

MR. WATSON: I intend to refer to 
everything in it. Yes, we can mark it as the next 
exhibit. 

THE CHAIRMAN: That will be the next 


exhibit, then; number? 
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THE ‘REGISTRAR? *fhatwill be“NnNoo*y373.Mr 
Chairman. 
---EXHIBIT NO. 137: Document precis. 

MR. WATSON: And the next document is the 
1989 performance report, the BES reliability. 

THE CHAIRMAN: And that is not an exhibit 
prior tos thiss time) Titake dtylisithat right? YTS. a 
Hydro document. 

MR. WATSON: It's a Hydro document. It's 
a response to interrogatory 2.7.81, partial response to 
that. I don't believe it's an exhibit already. 

THE CHAIRMAN: It probably should be 
marked as an exhibit also. 138. 

THE REGISTRAR: 138. 
-~--EXHIBIT NO. 138: Hydro 1989 performance report, 

BES Reliability; response to 
inteprogatory 2.7 CGi1e 

MR. WATSON: Just by way of illustration, 
Mr. Chairman, I will be giving you a series of 
documents, such as '89 performance report. They are 
the complete documents, by and large; however, the 
document precis that I have given you has excerpts from 
those various documents and I am hoping that we should 
be able to just refer to the documents behind the 
document precis, save for questions that do come up, 


where the panel requests that we look at the full 


Farr & Associates Reporting, Inc. 


24 


25 





Taborek,Barrie, 2902 
Snelson,Ryan 


document. So subject to that, I hope we can proceed 
along those lines. 
CROSS-EXAMINATION BY MR. WATSON: 

Q. So Mr. Taborek, if we could refer to 
pages 19 and 20, which you will note are pages 1 and 2 
ofswhat: 1 ewidieecall Exhtbit*No.8137% 


Mr. Taborek, we see there that total 


transmission unreliability is equal to transmission 





unreliability; is Ghatecorreet? 

MR. TABOREK: A. Yes. What I would like 
to do, Mr. Watson, Mr. Barrie will speak to this 
particular document, so he will take your questions. 

Q. Certainly. 

MR. BARRIE: A. This a report put out by 
Power System Operations division so I would like to try 
to answer your questions. | 

Q. Okay. Thank you, Mr. Barrie. 

So that is correct, transmission 
unreliability is the sum of those two components? 

A. That is correct, yes. 

Q. Now, you will notice on pages 19 and 
20, under both of those headings there are figures for 
the unreliability for the 1989, 1988 and 1987? 


A. Yes. 
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Oar i Hae added those figures and they 
come to the following numbers, 9.8 system minutes for 
1989. 

THE CHAIRMAN: Perhaps you could give us 
the figures that you have added. Could yousdosthat, 


please? 
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[10:13 a.m.] MR. WATSON: Certainly. 

The transmission facility unreliability 
for 1989 is 9.3. That is at the top of page 19, the 
first line. 

THE CHAIRMAN: Yes. 

MR. WATSON: The transmission facilities' 
unreliability for '88 is 21 system minutes. That's the 
second paragraph, underneath the transmission 
facilities" unreliability, the first line of that. 

And for 1987, the third paragraph, the 
first line, the unreliability was 9.3 system minutes. 
You will see in Exhibit 137 that I have actually 
circled the numbers. That should make it somewhat 
easier. 

THE CHAIRMAN: Right. 

MR. WATSON: Under transmission security, 
the numbers are, for 1989, 0.54 system mindeese 1988, 
0.9 system minutes; and 1987, 0.13 system minutes. 
Again, those numbers are all circled on Exhibit 137. 

Os>) Sop MresBarriep by my -calculkations 
the totals are 9.8 system minutes for 1989, 21.9 for 
*B88 andii9. Agtorie 872 

MR. BARRIE: A. Yes. 

Q. Now, Mr. Barrie, I would like you to 


refer to the transmission product quality performance, 
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the review for 1989. 

Mra Clerk geteyouncould. give thatitos the 
Board, please? 

THE CHAIRMAN: This is to be the next 
exhibve, «LS. ute 

MR. WATSON: Yes, please. 

THE REGISTRAR:** No.0139) Mr: Chairman. 

THE CHAIRMAN: Thank you. 

---EXHIBIT NO. 139: Transmission Product Quality 
Performance Review for 1989. 

MR. BARRIE: Page 3 has the executive 
summary of that? 

MR. WATSON: That's correct, Mr. Barrie, 
page 3 of Exhibit 137 has the executive summary, and 
that is the only page I will be Beuerringscovright. now, 

Q. You will notice figure ES1 refers to 

Pre oi fons ae rater et Is this another 
measure of unreliability? — 

MR ’.s BARRIE- gi. a-Vespin tetist 

Q. I notice itheyfigures for 1989, 1988, 
and 1987 are Substantially higher than the values that 
were produced by the addition of transmission 
facilities’ unreliability and transmission security 
unreliability. You will see for "89, the former was 


9.8 system minutes, and in the executive summary, it's 
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22.7. Could you explain the difference between these 
two sets of figures, please? 

A. If could I deal with the system 
minutes first, the first numbers you quoted, the lower 
numbers. 


As Mr. Taborek explained, we measure 


unsupplied energy by taking the megawatthours 
interrupted. And we normalize that by dividing by the 





This measurement here, you will notice on 


page 3, this is not measuring system minutes, it is 
measuring what is called "effective minutes." There is 
a distinction between system minutes and effective 
minutes. 

THE CHAIRMAN: Where does it say 
"effective minutes"? 

MR. BARRIE: It says it all through the 
page. 

THE CHAIRMAN: It says, “customer 
delivery interruption...." 

MR. BARRIE: The second line, "Customer 
delivery interruption improved from 32.2 effective 
minutes." 


THE CHAIRMAN: Yes, thank you. 
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MR. WATSON: Q. So could you help us out 


on what the dig ferenéellislibetweenllsystemiminutestand 
MR SABARRIE? © AD OP Iwill Ewys 
When we measure. interruptions in system 


minutes, we take no account of a momentary 


interruption. So, for example, if a customer is 


interruptedsformlessethan"OfelHIUES, we define that as 
a momentary interruption and it does not contribute 


anything 





This will typically happen during a 
lightning storm, perhaps. A transmission line will be 
taken out of service; it will very temporarily 
interrupt supplies, until the automatic reclosure 
equipment puts the line back on. Typical ly; *the 
customer might be off for ten, fifteen, seconds, 
something like that. 

We do not regard that -- when I say “we," 
System minutes measurements does not take account of 
that kind of interruption. 

In our analysis, we find that, in fact, 
that does cause customers some annoyance. That is, in 
fact, an interruption as far as they are concerned. So 
effective minutes were developed in an attempt to try 


and reflect that, in some kind of measurement. 
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Now clearly, there is ¥ery little 


i ¢ peat 
“erm ae A 


interruption»such as that. It would be very difficult 


to measure, in fact, how much there was. So what 


s is it has tried to reflect that ~ 












the number 6. So any momentary interruption is given a 


value of 6. 








a ten-minute interruption would be 16 effective 


minutes. That's one key difference between effective 
minutes and system minutes. 

THE CHAIRMAN: When you had the 
ten-minute interruption, what would be the system 


minute loss? ye weed 


MR. BARRIE: To calculate that, you would AS 


have to take the -- if it was the whole system, at irheteour 
would be ten system minutes. If it was a part of the © Woven ™ 


‘System, one would have to take account of the size of 
interruption, but that is true both for effective gor 4 
minutes and for system minutes. HL sften 

THE CHAIRMAN: Effective minutes also 
affect -- it is the whole system? It is based on the 
whole system? 


MR. BARRIE: Well, this is based on 
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delivery points, but you can add them all UDiet= 

THE CHAIRMAN: This being, "This is based 
on delivery points," what is "this"? 

MR. BARRIE: Sorry, the effective minutes 
is based on delivery points. But if it were to happen 
to all of the delivery points, then you could add them 
all up and you would get effective minutes for the 
whole system, which is essentially what this graph 
Shows here. This is attempting to show the system-wide 
performance, by adding them up for the whole, for every 
delivery point on the system. 

There is one other essential difference 
which makes effective minutes higher than system 
minutes: the normalization. As I mentioned for system 
minutes, we normalize to System peak. For effective 


minutes, we normalize to system average. As Mr. 


Taborek mentioned yesterday, our load factor is around 
68 per cent, so typically, it would cause effective 


minutes to be higher for the same event. 

I have found the only way to rationalize 
all ithiseis *testake examples. We could try and do one, 
if you will? 

MR. WATSON: Q. How long would this 


take? 


MR. BARRIE: A. Well, just a few days. 
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(Laughter) No. 

Q. I don't think we need to get into 
that, unless the panel would like to. 

A. Essentially the differences are 


two-fold that I have mentioned. And one is the 


totally ignores. The effective minutes takes that into 


t1on 1S SYy¢ am pe as 
-it 3 Dy system peak, a 


eboth of which tend to drive up 


, as compared to the system 








minutes. But they are measuring the same thing, 


really. They are 





Q. Where did the value of 6 come from? 

A. It was somewhat of a judgment call to 
Civ et Ols— what tse ty inte LOO milcmt show that 
momentary interruptions do annoy the customer, but how 
much do they compare to prolonged outages? 

And it's a judgment call. I don't have 


any analysis for the 6. 
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[10:25 a.m.] Q. Is it fair to say that the (System 
minutes is the most relevant for comparison with 
SRRSES SA Ohne? 

A. Most definitely. Effective minutes 
Should not be used at all if comparing to generation, 
system minutes. 

Q. What do you use the effective minutes 
Lore 

A. Effective’minutés are used by our 
regions' branch, our people who are looking at -- they 


are the people closest to the customer. So, they will 


be looking at the performance of delivery points across 





_ performance. And it indicates where maintenance work 


Or refurbishment work should be Cargeted. So titedges 
more to help guide transmission refurbishment work, 
rather than a measurement of total system. 

QO. STE AVcouldtturnsnowsto interrogatory 
2.26.5? Mr. Barrie, on page 2 of the interrogatory, 
the answer is given, and it provides two indices. The 
first one is "system Average Interruption Duration 
Index," which I understand we can call SAIDI? 


A. Right. 
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Q. The second one is "Customer Average 
Interruption Duration Index," which we can call CAIDI? 

Pein gRiught: 

Q. Could you give us a definition of 


SAIDI, please? 


the average customer is out of pow 


= Ld = 4 Le 
Pr ina year 





I’ should say, first of all, these 
measures are measures of our distribution electricity 
System. This is what the customer, the ultimate 
customer, is experiencing. These should not be 
confused with the previous numbers we were discussing, 
which were the numbers experienced at bulk supply 
points. 

The distinction between the two is that 
if the customer supplies are interrupted, whether the 
seep len is with the bulk system or whether it is with 
the distribution system, it is the same thing to the 
customer when his lights have gone out. 

So what we are talking about with SAIDI 
is distribution, plus transmission, plus generation. 
And I should say, the vast majority of this number is 
distribution related. 

So if you will, SAIDI would be a 


measure -- if we said that system minutes was a 
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representation, was a measure of how often Supplies 


were interrupted at bulk supply points, SAIDD¥iis'a 





Q. Mr. Barrie, I understand you to Say 
that most of the unreliability is distribution related? 

A. Yes. 

Q. Going through, if you will, the 
hierarchy, do we have distribution, transmission and 
then generation? 

A. Yes. 

O.9 otsiathatytairetorsay? 


A. What is your order there? That is 


Q. the Snel Ghali eases" E@ nose 


as you indicated? 


the order. 





A. Yes. 


OvgwisThe 





A. Yes. 


Q. And the 





A. Yes. 

Q. I suppose if we look over on page 6 
of Exhibit 137, where we have Bigure., 2520 24: 

A. Yes. 


THE CHAIRMAN: Where is 2 -- Ves, nLant, 
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I have it. 
MR. WATSON: Q. We get a graphic 
illustration of that, when we see that, save for 1985 


and 1989, Cc 





MR. BARRIE: A. Conrects< 


Q. I understand that 1989 was a somewhat 
Singular year, because of the loss of several units at 
Bruce in July, and also some Lennox Oil inventory 
problems in December. Is that fair? 

A. 1989 was, aS you have described it, a 
Singular year, yes. We experienced problems both in 
the summer and in December of '89; a combination of 
factors, very high demand and problems with our 
generation facilities, yes. 

MR. SNELSON: A. Could I comment on the 
relationship that has been discussed between 
distribution, transmission and BSE 

Q. Please, Mr. Snelson. 

A. Clearly, the relationship has been 
that most of our unreliability has been due to 
distribution, a lesser amount to transmission, and an 
even smaller Bee: one to generation. 

The relationship of the generation to the 
others isn't necessarily always going to be that way in 


the future. It has been that way in the last ten 
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years, because we went into that period with surplus 
capacity, as Mr. Taborek described yesterday. So that 
relationship could change. I'm just cautioning, that 
relationship could change. 

MR. TABOREK: A. And to build on Mr. 
Snelson's caveat, figure 2.5 of the report prepared in 
August 1981, "Reliability Criterion for Generation 
Planning," which I think you will be introducing as 
evidence, as part of the evidence here, so we will get 
an exhibit number later, I presume? 

Q. We could introduce it right now, if 
you'd like to make a point, Mr. Taborek, and then the 
Board could follow along. 

THE CHAIRMAN: I think we should have 
some reference to it. 

MR. WATSON: Why don't we do that? If 
that could be the next exhibit, Mr. Clerk? 

THE REGISTRAR: That will be No. 140. 
—--EXHIBIT NO. 140: Report entitled "Reliability 

Criterion for Generation 
Planning," of August 1981. 

MR. TABOREK : Figure 2.5 is towards the 
end of the report, in with all the figures. There is 
no page number, just the figure number. Yes. 

What the figure shows is on the vertical 


axis, the cost of unreliability; and on the horizontal 
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axis, for different generation reserve margins. And I 
would mention this calculation was done in 1981, so it 
is a bit’ datedyabutvitequite graphically illustrates 
the point that is being made here. 

As Mr. Barrie -- it shows,on there, the 
economic cost of distribution reliability, which is the 
largest -- excuse me, which is the band at the bottom. 

It then shows an economic cost of 
transmission reliability, which is the next band up. 
And these bands are constant for any amount of 


generation unreliability. 
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[10:35 a.m.] And then, it shows two shaded areas 
which, in effect, are direct and indirect costs of 
generation unreliability. 

And the point was made by Mr. Barrie that 
the distribution reliability for high reserve margins, 
I would add, for generation, is the biggest cost of 
unreliability, followed by transmission. And in 
circumstances where the reserve margins are adequate, 
and were coping, that there is very little, if any, 
generation unreliability cost. 

But the situation changes very 
drastically, when you get into inadequate reserve 
margins and that the economic cost of inadequate 
generation builds up very, very sharply. And that is 
an illustration of the point Mr. Snelson made. 

In a good year, you would get that, as a 
matter of fact the system is, in essence, designed to 
be that way. And what we are striving very hard to do 
is stay away from this precipitous increase that 
occurs. And that's the same increase that we were 
looking at in the curves I was showing yesterday, where 
customer damage costs for low levels of reliability 
increase quite sharply. 

And that's why we said, preferably, we 


would tend to stay towards the more reliable side of 
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the minimum to avoid being catapulted into that region 
of very high outages and costs. 

MR. WATSON: Q. And as you correctly 
pointed out, Mr. Taborek, the very high regions of that 
curve on Figure 2.5 occur at very low reserve margins, 
18 per cent is the far left side of that graph. 

MR. TABOREK: A. You're quite right, it 
occurs at lower reserve margins. 

I would caution, actually, reading these 
numbers off exactly, since this is a dated calculation, 
but in principle, you are correct. You shouldn't read 
the numbers too precisely, though. 

We are tabling, in effect, in Figure 5.1 
of our review, which you will be asking us about, this 
equivalent information updated for the present day. 

Q. And as you were eee when you 
were referring to yesterday's curve, the cost curve, in 
effect, has a reasonably flat bottom; does it not? 

A. Yes. In the total system cost, yes. 

Q. And in effect, what you are talking 
about is where you are on that curve? 

A. Yes. 

Q. Whether you are on the right side and 
proceeding toward a higher reserve margin, where the 


Slope is less-- 


Farr & Associates Reporting, Inc. 


Taborek,Barrie, 2919 


Snelson,Ryan 
cr ex (Watson) 


Q. --or whether you are on of the left 
side of that curve, proceeding toward a lower reserve 
margin, where the slope is higher? 

AW think i are. COrrect; vvesia eal sam 
jJustynot sure of (he wlert/right, bitves, VOurre eright . 

Q. The left is a lower reserve margin. 

A. »~¥es. 

Q. And that increasing slope is 
reflected, of course, in the Figure 2.5? 

A. Yes. 

Q. It's the same sort of the situation? 

A. Same phenomenon is causing that, 
Eight. 

Q. So. If, in fact, we are somewhere on 
the bottom of that curve, but we are not actually going 
up that slope, then that assists us some way in 
interpreting Figure 2.5 in today's terms, as opposed to 
the 1981 terms that this curve is precisely defined in? 

A. Yes. And bear in mind that these 
calculations are done in terms of expected values. And 
you will not, each and every year at every, point tin 
time, be on that value -- that you are, really, because 
of the uncertainties -- that curve represents a 


weighted summation of all your experience, over a 
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period of time. And so that you can have years when 
you are on either side and it's not by your choice. 

So in some of our analyses, we have 
talked about what happens if you get into a bad year, 
not your expected year. And the nature of generation 
reliability is that most of the time, when you have 
anywhere close to your expected values, or your 
forecast values, things will be well. It's a few bad 
years that really give you problems. 

So the moral there is to stay away from 
this difficult area. To give yourself -- to stay away 


from it. 


2920 


I often think of this in terms of walking 


along the edge of a cliff. You can go right up to the 
edge and everything is fine, but you mustn't go over, 
because you are in real trouble. This is a reverse 
cliff here. 


Q. Just one more question, with Figure 


If we look at where generation 
unreliability meets transmission unreliability, that 
occurs around 26 and a half, 27 per cent, something 
like that, on this curve? 

A. Based at the time these calculations 


were done and the assumptions they used, yes. 
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Q. And then, if we go to the right on 
that curve, the point where generation reliability is 
equal to the sum of transmission and ai deena eote 
reliability occurs at around 24 per cent? 

A. Eyeballing it, yes. 

Q. Roughly? 

AY *Sures 

Q. So that the spread between those is, 
what? About, roughly, two and a half, 3 per cent, 
something like that? Those are '81 numbers. 

Al’=Yes. 

O. *is*®that farr for today? 

A. We haven't done this calculation in 
this manner for today, so I can't answer, but... 

MR. SNELSON: A. I think we can make a 
judgment and that is that the absolute values, whether 
hie 26 to 24, will have changed, because the forced 
Outage rates on the system will have been changed; the 
total size of the system has changed, and so on. So I 
believe those, the absolute numbers, will not have 
Significance today. 

I would expect that the difference 
between the numbers, between the level at which 
generation unreliability is very small and the point at 


which it's equal to the sum of transmission 
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distribution, would be about the same number, 
percentage points of reserve, and that is just a 
judgment. 

Q. We have been describing the relation 
between distribution, transmission and generation. Is 
Ontario's experience typical among utilities in North 
America? 

MR. TABOREK: A. I can't give you a 
factual answer. I think from my knowledge of the 
behaviour of generation and transmission systems - 
mostly generation, not so much transmission - but this 
kind of a phenomenon I think must inevitably hold true 
in most utilities. 

MR. SNELSON: A. I believe it generally 
does. 

Q. And certainly, in the last 10 years, 
would it be fair to say that the experience of other 
utilities would be the same as Hydro; that is, that 
generation unreliability has been almost zero? 

MR. -TABOREK: =)Aw 9 Yes. I think 
especially since the last 10 years have been a period 
in which people have been coming out of surpluses and 
her eend Surpluses, so generation reliability has been 
relatively good. 


MR. SNELSON: A. There are a few notable 
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exceptions to that. Florida Light and Power, for 
instance, has been in capacity shortage, as I 
understand, and has significant unreliability ef om 
generation sources. But there are others, too. 

Q. Panel, if you would turn to page 6A 
of Exhibit 137? I guess, Mr. Barrie, this question 
would be directed to you. 

We had prepared this table before we had 
had the benefit of your evidence. Could you comment 
upon the relative nature of the various factors that 
are listed here? 

I understand that what you have said may 
affect the actual numbers that are here. But could you 
talk about the relative significance of these? 

MR. BARRIE: A. As I understand your 
diagram, you took SAIDI, and you took generation and 
Ubanamuseion: subtracted it from SAIDI and got 
distribution? 

QO. MePhat'si corvreéty 

AS Right SeevYoumeanvec dol thats. 

Q. That's why I prefaced the question 
the way I did. (Laughter) 

A. Specifically, the generation, the 
generation is a problem. 


Generation unreliability, all of our 
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unreliability measures here, take unsupplied energy. 
Any form of unsupplied energy will appear as system 
minutes here. And, of course, the big impact is in 
1959,, 

Wheny? saysyou canlt dowites aihiisejust 
1989, really, is the big place that it would be 
incorrect. In 1989, we had a significant amount of 
generation unreliability. 

Q. Sorry, could I just stop you there. 
Does that mean it is correct for '84 through '88? 

A. pWell «785 asaslightly wrong, as well. 
Anywhere you have got generation unreliability would 
make it incorrect. 

Q. Okay. 

A. However, it's negligible, except for 
1989. 

In 1989, we had a significant amount of 
generation unreliability. The events that caused that, 
the unsupplied energy was of the form of voltage 
reductions and public appeals. 

Voltage reductions and public appeals 
would not appear in SAIDI. So if you were to strike 
out the 109.5, your distribution unreliability in 1989 
would be of the order of 210, of that order. That's 


where the calculation is incorrect. 


Farr & Associates Reporting, Inc. 






Taborek,Barrie, 2925 


Snelson,Ryan 
cr ex (Watson) 


Qself ,Pinvfact,) -the. generation 
unreliability had been due to other factors rather than 
voltage regulation and appeals, and there had been a 
figure in there, would the calculation then have been 
correct 2 

A. If we have interrupted load, if we 
have actually opened the circuit breakers and cut load 


in that fashion, yes. But when we save energy -by-other 


a alt Ui 
wey rear y ea et aoet tate plomat sanaitarain ecib ee: Rs 





the difference is. 


=e 


. a 
Ct Capture fou 





O./2And ‘that's 


W1ICY) IALUIL S 





AG oRaght) “right? 

Oo: Is there an index that does Capture 
that? A SAIDI-plus index, if you will? 

A. Not to my knowledge. 

Q. How would you calculate that, you 
would take SAIDI and just add something to it? 

A. I suppose so, yes. 

Q. Does Hydro do that? 

A. No. Well, not to my knowledge. 

In fact, you would be adding sort of 
apples and oranges, to some extent. They would both be 
measures of customer's experience on some loss of 
energy, but you would be now adding interruptions onto 


public appeals and voltage reductions. We do that on 
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our .BES,..on.this.chart here. 

Q. You are referring to Figure 2.20? 

Ag Right -fBuweSADDI lddes note PSAIDI is 
pure interruptions. 

Q. If I could refer you to the 1989 
performance report, page 17, which is Exhibit 138 and 


it is also page 7 of Exhibit 137. 
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[11:47 a.m.] THE CHAIRMAN: Now, what was the 
reference to l -- 

MR. WATSON: The reference is the 1989 
performance report, page 17, anveH is page No. 7 of 
Bxhepmt 23 7); 

THE CHAIRMAN: Thank you. 

MR. WATSON: Q. If you would look at 
page 17, you will see it is entitled "Total BES 
Unreliability," and as you go down, there is a heading 
"Performance Standard." That's broken into two parts: 
generation unreliability and transmission 
unreliability. It appears as though the generation 
unreliability totals 78 system minutes. Is that 
correct, Mr. Barrie? 

MR. SBARRIEy) Apovvesaeit is. 

Q. Now, could you help me with the 
difference between this standard of 78 system minutes 
and the new criterion that was referred to yesterday of 
10 system minutes? Or for that matter, the old 
criterion of 25 system minutes? 

A. These performance standards are the 
Standards used by the power System operations division, 
who are -- 

Q. Excuse me, when you Say "these," you 


mean the standards on page 17? 
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A. On page 17, yes. 
When these standards were developed, 


which was in the early part of the 1980s, the basis 


used was that system planning would provide us with a 





Jo 
oaks Meroe And it was deemed at that time that a 
Cn qg@v Standard of 75 system minutes, that is, the part that 
ih a- , ae 
aks refers to generation facilities, would be a reasonable 
1 Standard to take account of all unreliability or all 
13 generation facilities' unreliability. 
14 Now, I should say that these standards 
a5 are the subject of review right now; in fact, this 
16 report was the 1989 report. In the 1990 report, there 
7 is no reference to these performance standards now. 
18 These performance standards are being taken out, 
19 because they are under review right now as to whether 
20 they are still appropriate. 
rh Q. When you say they are taken out, that 
22 page is just removed from the report? 
a3 A. Yes. 
24 Q. Is there anything to replace them? 
25 A. They are currently being reviewed and 
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we hope that a new set of standards will be introduced 
as soon as they can be developed. 

Qui ti lss TUSEaT rT (td. Saye that fthermnew 
standard will be, of necessity, somewhat higher than 
the standard of 10 system minutes? 

AS Ll ethink it probably will?” The work 
hasn't been done yet, but the work probably will, in 
that we are are taking account of, as I said, all forms 
of unsupplied energy. What might be called a close 
call, where we get by with simply doing a voltage 
reduction - no one is interrupting - that still appears 
in our measuring system. And so, obviously, the 
SpeNaNen Should be higher for something that is 
measuring all forms of unsupplied energy than if you 
are only measuring interruptions. 

So yes, the standard will likely be more 
than 10. | 

Q. So, in effect, you have different 
departments conducting different measurements and 
including different things in the measurements, which 
accounts for the difference between the two values of 
System minutes; is that fair? 

A. I think thats true, yes. 

Q. And yours, of necessity, is more 


all-encompassing, and as a result, it will be a higher 
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number? 

A. Yes, we take account of more kinds of 
unsupplied energy. Any kind of unsupplied energy will 
appear against our performance measurement. 

Q. Mr. Barrie, if I could just deal with 
one other thing before we move on? Did I hear you to 
Say that, when you are describing the difference 
between the two system minutes, you referred to voltage 
reduction and appeals, and you said, for instance, you 
would consider them for the, what was the 78 criteria, 
78 system minute criteria, but as you understand, they 
are not included in the 25 system minutes criteria? 

A. I am not sure about Haan 

That is correct, I am told. 

MR. TABOREK: A. In the calculations 
done in 1981, they were nOtMUAEH uaea as’ part” == 

THE CHAIRMAN: I can't hear you, Mr. 
Taborek. 

MR. TABOREK: Mr. Watson is correct. In 
the calculations done in 1981, voltage reductions were 
not included in the 25 system minutes. 

MR. WATSON: Q. And I understand that 
for the 1991 reliability review, which is Exhibit 87, 
that voltage reductions and appeals are included in the 


system minute calculation; is that correct? 


Farr & Associates Reporting, Inc. 


Taborek,Barrie, 2931 
Snelson,Ryan 
cr ex (Watson) 


MR. TABOREK: A. That's correct. 

MR. SNELSON: A. There is another point 
you should take into account here when you are trying 
to make a parallel between a reliability calculation 
that is done for the purposes of planning, with 
prospective forecast data, anda reliability 
measurement of actual performance. 

As Mr. Barrie has said, the actual 
performance will capture unreliability due to all 
causes, no matter whether or not the generation 
planning model actually includes that cause among the 
phenomena modelled in the program. 

Mr. Taborek, I believe yesterday, made a 
point of saying that the model is an imprecise 
reflection of (coughing) and only includes some, we 
believe the most significant, but it includes some of 
the effects that affect meliabilaty: It doesn’t 
include all of the effects that affect rel@abiility « 

And any practical model is going to have 
to exclude some real phenomena. The real world is too 
complicated to put into a completed model in a computer 
program. 

Q. One final question, before we leave 
that: If in fact, voltage reduction and appeals are 


now in the reliability calculations for the 10 system 
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minutes, what are some of the examples of things that 
are not included in the 10 system minutes that would be 
included in what was formerly the 78 system minutes? 

MR. BARRIE: A. Well, you should take 
the 3 off straightaway. That is generation fuels. 
Okay. 

Q. Yes. 

A. That means when we have to -- we 
don't have enough fuel supplies at the generating 
stations, although the facilities might be there, we 
don't have the fuel to burn. So that there is some 
unsupplied energy, but that is very small. That is 
only. 3.00 'So. it’ should, bethe#75, 

Q. The oil shortage at Lennox is an 
example of that? 

AS SeThatwserighte 

Q. Are there any other factors? 

MR. SNELSON: A. If you refer to the 
1981 report, which, I believe, we just gave an exhibit 
number to. 

MR. TABOREK: A. Is that 140, Report 603 
SP. 

MR. SNELSON: A. That would be Exhibit 
140, Table 2-1, towards the back. I think it is about 


3 pages in from the back of the report. That has a 
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list of features that might be included in reliability 
models. 

And the two columns of that Table 1, one 
is entitled LOLP, which is the loss of/load™probability 
model that preceded our frequency and duration model, 
and is still used by many utilities. And the 
right-hand column this the F&D, frequency and duration 
model, which we currently use, with some modifications 
in the recent review. And you will see there is a 
column of yes's and no's, as to whether that factor is 
included in the model. 


And towards the bottom of the right-hand 


column are a number of factors, such as uncertainties —_ 





Lennox oil shortage would perhaps Classify as a 


shortage of critical™matéerials — Strikes, fa ilure in 


delivery of purchased firm power. Those are some 
factors which are not included in the FsD model, as 


presently structured -- well, as structured then, and 
they are not included in the model as of today, either. 
Q. One final question on this area. If 
you refer to the reliability review For tro) p whiter 1s 
Exhibit 87, at page 114, that's page 9’ orrixnibit ra7, 


the load table. Below Table 6-10, the first sentence 
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reads, "A planning target of about 22 per cent would 
allow an error of about 5 per cent without Significant 
use of emergency measures." 

The criteria of 78 system minutes -- 
could you help us out as to whether that would entail 
Significant use of emergency measures by uSing that 
reliability criteria? 

MR. TABOREK: A. This particular table 
is part of the calculation we did looking back at our 
past experience, trying to determine what that would 
Suggest about a reserve margin for the future. And it 
Suggested 22 per cent. 

Now, if you start with this 22 per cent, 
we had noted that there was only a small use of 
emergency measures at the 17 per cent level. There is 
a table fairly close to this one, where the actual -- 
is it 170 hours and 2 per cent of the time or 
something? It's a very small use of emergency 
measures. 

If you then took the next 5 per cent 
slice, you would, by and large, be using reductions in 
customer interruptible loads and emergency purchases on 
the interconnections. And neither of those is counted 
in system minutes. 


If you took the next 5 per cent slice, 
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you would get into voltage reductions and public 
appeals. And that would get you into system minutes, 
that would be counted as part of whatever criteria you 
were uSing. And then, of course, the final slice would 
be load cuts. 

Now, this particular form of analysis, 
it's not conducive to taking these instances through 
the year and converting them to system minutes. We 
don't do that so I can't answer the detail of your 
question. 

Q. Is there anyone else who might be 
able to assist with that question? 

A. We hadn't done the calculation. 

MR. WATSON: Mr. Chairman, I was 
wondering if it would be possible to leave that 
question with the panel, depending on how much work it 
is. I don't want them to go out and remodel the 
System, but if, in fact, they could deal with that 
question in a summary form and perhaps get back to us 
later, I would appreciate that. 

MR. BARRIE: What is the question? 

MR. TABOREK: Could you restate the 
question, please? 

MR. WATSON: I certainly will. 


Q. If you look at page 114, the first 
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sentence talks about a planning target of 22 per cent, 
which would allow an error of about 5 per cent without 
a Significant use of emergency measures. 

And what I am concerned about is the 
other criteria of 78 system minutes. And if, in faci, 
we are dealing with that criteria, using what we have 
heard from that sentence, aren't we into a situation 
where we might have to have, shall we say, further use 


of emergency measures? 
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Epi? 0S “avmy fo “AR TABOREK : A. Oh, well, maybe there 
is a more direct approach to what you are suggesting 
because the main thrust of this document, Exhibit 87, 
is saying that the reserve margins in the range of 20 
Coe 24eper*centl are about right. 

And we then go on and say that if you use 
those reserve margins, your expected system minutes for 
generation is, approximately, ten and that is due to 
public appeals and voltage reductions and load cuts. 

So, that the number, I guess, you are 
looking -- a quick answer that you are looking for is 
it would give you about ten system minutes. 

MR. SNELSON: A. ...date to about ten 
system minutes. 

Q. So, if it is predicting ten system 
minutes, then isn't the answer “ the question, yes; 
that there would be, using that criteria, increased 
emergency actions used? 

A. Any reduction in the reserve margin 
is tending to increase the use of emergency actions. 

MR. TABOREK: A. And it would use the -- 
okay... 

MR. SNELSON: A. This is a very 
difficult area of trying to make a correspondence 


between a planning model that covers certain aspects of 
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unreliability that can be mathematically modeled, and 
the actual operation in the real world situation where 
there are many other effects that affect Operation. 

The precise lining up of a planning model 
with actual experience or with actual Operating 
Criteria is a very difficult task. This aveficulty: of 
making this link is one of the reasons that this 
business of reliability has a significant dose of 
judgment in the way in which it is treated. And we 
have looked at it from a number of directions, and we 
believe that our 20 to 24 per cent is about the right 
level. 

QO. ge cnanks youn 

Is it fair to say that the new standard 
of 10 minutes and the old standard of 25 minutes is, in 
effect, an expected value, whereas the 78 system 
minutes is a value which is put forward Labaemeqiuednge 
a number of situations which could occur? 

MR. BARRIE: A. Well, let's put the 75 
in some context here, can we? 

Q. I will try and refer to 75. You keep 
telling me to use 75. 

A. Well, the three is specifically the 
fuels, which is... 


OF ea Ra Git. 
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A. The 75 is a standard that has been 
used by the operations division, against which 
generation facilities' performance is measured. 

Whether it is an appropriate number or not has been 
called into question considerably over the last year. 
And as I did mention earlier, it is now not being used 
by our division as a measurement. 

It is very questionable whether that is 
now an appropriate standard that we would be working 
against. If you look at our actual performance, our 
actual performance is considerably better than 
Standard. And one must ask, well, what impact has that 
Standard had on any decisions that we have had to take? 

Operationally, it has had no significant 
bearing on any decisions we have had to take. I'm 
Suggesting to you that we should downplay the 75 system 
minutes, in that we are not using it now, and that our 
actual performance has been considerably better than 
that for the last ten years. 

Q. I'd like to turn now to the 
frequency... 

THE CHAIRMAN: Can I ask a question? If 
you say you are no longer using 75, what, if any, are 
you using? 


MR. BARRIE: We are continuing to monitor 
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our performance and measure it against -- we are really 
looking now at trends, as to how we did compared to 
last year. 

THE CHAIRMAN: But you are not using a 
specific number? You formerly used 75, and you are not 
using a specific number now? 

MR» BARRIEs....That. 1s.correct.+, Anew 
number is being developed now. 

THE CHAIRMAN: But, in the meantime, on a 
day-to-day basis, where before you used 75, you are not 
uSing any number? 

MR. BARRIE: I think the point I was 
trying to make, on a day-to-day basis, this standard 
does not have a great bearing on our day-to-day 
operating activities. 

THE CHAIRMAN: I understand that. But 
before you used 75, now you use nothing, is that right? 

MR. BARRIE: There is no standard 
established right at this point in time, yes. 

THE CHAIRMAN: All right, okay. 

MR. WATSON: .Q.., Panel, I'd like to turn 
to the F&D model. I have a few introductory questions. 
And then, I'm going to be turning to other topics, but 
the F&D model will come up through those other topics, 


as well. 
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Just by way of introduction, could you 
tell us what the FPa&D)model is used for? What all of 
its uses are? Mr. Taborek, perhaps you are the one to 
answer this question. 


ME” TABORERs WAS ALI OL “10S “uses seeit is 


oe a 
pS etER Ss eee a, eee 
YIINt OF 11Ne)111 





that results under various circumstances involving load 
and generation uncertainties which we have defined on 
Our generating system. 

On = 2s that 22 

Awe That isi. 

Q. Thank you. 
FSD 48 — Is it different from reliability models 
used by other utilities? 

A. Well, there are quite a number of 


reliability models that other utilities will use. 


Quite a number of utilities use loss of load 


probability models, so-called=LOLP approaches. Other 


utilities use -- oh, and LOLP, as I defined, is the 





And it is usually expressed one in twenty-four hundred, 


or one day in ten years, to have a little more popular 


number associated with it. That is often used. 
Other utilities don't use LOLP which is 


just the probability or an expectation. They will use 
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unsupplied energy and they can calculate them with 
different models. fThere are utilities, frequently, 


develop models of their own or use other models. 


Q. Does Hydro use any other generation © 


ASoaNo, FaD is our =~ “from etrme to t ymes 
we have used others for special various purposes, but 
no, F&D is our standard model, I think. 

Q. Was F&D developed at Hydro? 

A. Yes, it was. 

MR. SNELSON: A. Perhaps I could just 
add to that. F&D model was Originally developed by 
Professor Billinton at the University of Saskatchewan, 
and it was further developed inside Hydro to make it 
reflect, specifically, Ontario Hydro's circumstances. 

MR. TABOREK: A. A more precise... 

MR. SNELSON: A. So, the theory and the 
Original code was developed outside of Hydro, but the 
customizing of it, to Ontario Hydro's situation, was 
within Hydro and was done in the mid 1970s. 

Q. Do you know if F&D is used at any 
other utilities? 

A. I couldn't quote another utility, 
specifically, that used it. It is a well-known method 


that is reported in the literature. And one reference 
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to it is Professor Billinton's book, but there are 


Q. Do you use the Procose model? That 


is P-r-o-c-o-s-e. 


others. 


A. We have that available within system 


planning division, and it is used from time to time for 





generation andiitransmission»problems.. It is, 


generally, not a sufficiently amenable model to be used 
for generation/reliability studies, as a normal tool. 

Q. I assume that would be the main 
difference between it and F&D? 

A. The mechanics of the two programs are 
very different. The difference we have described is 
more in their use than their mechanics. 

Q. So, there are a series of differences 
then; the mechanics, the use. They are just different 
models doing different things? 

A. Yes. 

Q. Did Procose have any role in the DSP? 

A. Not to my knowledge. 

Q. Has the F&D model been validated for 
Hydro's system? 

MR. TABOREK: A. I think the validation 


is reported in Exhibit 87. 
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Q. Do you have a page? 
ae #theventrre report is focused on... > 


To elaborate, the F&D model was originally used in the 


analysis by which we went through ee ik 


SS And we arrived at, early in the 1980s, 


the 








The purpose of having done that, using 
F&D and judgment, we then said, "How do we know that 
those results are reasonable?" 

And we then conducted the review, and the 
review, the validation, took three parts: One, 
comparing ourselves with the results that other 
utilities were getting; two, looking at reserve margins 
that would come out of a review of our past experience, 
and whether we were perhaps a bit high or a bit low; 
and then finally, I guess you would call, a review of 
all the assumptions that went into F&D, and 
improvements in certain aspects of the model. 

The results of all of those tended to 
confirm that the reserve margins were about right, but 
the system Minutes were different. And that the 
outcome of that, I would say, is a validation of F&D 


against experience and other utilities and an appraisal 
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of models. 

Q. The F&D model was created in the late 
'70s, I believe. 1977, is that correct? 

Ain Kensaid,. mid—s7i0's:. 

MR. SNELSON: A. My recollection is 
mid-'70s, but I couldn't give you a precise year. 

Q. Thank you. That is fine. 

Mr. Taborek, you were saying that, in 
effect, Exhibit 87 is the validation of the model. 

That is a 1991 report. Was there any validation 
between the mid-'70s and 1991? 

A. Mr. Taborek did earlier refer to the 
references to the 1981 report which I believe has been 
given the number Exhibit 140, and referenced, too, was 
some work by Mr. North within Hydro, and that is on 
page 26 of that exhibit. 

Q. Item No. 2 under heading 8 
"References"; is that correct, Mr. Snelson? 

A. That is correct. 

Q. Could we get a copy of that sometime? 
There is no rush. We don't need it right now, but 
perhaps tonight? 

A. We will look for it. Whether we will 
find it or not, I'm not sure. You are talking about 


very Old materials here, and this is an internal 
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memorandum, not a formal report. So, it may Or may not 
be findable. 

Q. I know you will do your best. 

MR. TABOREK: A. Another aspect, if I 
may? There is another form of indirect validation that 


happens fairly continuously. 


The FsD model ultimately produces a_ 


RAGOTNE DAL QABoy and that reserve margin is produced, 


approximately, every year for planning studies that are 
done using the 25 system minute criteria, and uSing the 


latest assumptions pertinent at the time. 
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[11:20 a.m. ] And if you begin to get answers that your 
reserve margins are beginning to be different than 
other people'ts, jor.changing,; you Begin to wonder, you 
have to to go back and track down and explain these 
ateeerencece So there is this series of judgments made 
every time you use the model to whether it seems to be 
behaving properly. 

Q. Still talking about validation, was a 
historical year used to validate this in any way? 

A. Now what validation are you referring 
to? The validation we did, where we looked at history, 
as reported in Exhibit 87, we looked at the operating 
years '85 to '89. 

Q. And you took the actual data that you 
had for those years and used it to validate the model 
over that period? 

A. Well, to validate, I think when you 
use the word "validate," you are implying more in the 
nature of the one-to-one comparison of various items in 
the model against the operating year. That's not what 
was done. What was done was to compare the end result 
of the two. 

Q. And the end result is the reserve 
margin? 


A. And the end result is the reserve 
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margin. In the case of our analysis of our operating 
experience, we said it gave the number of 22 per cent. 
When we did the analysis again, using the updated F&D, 
and the latest data, we got a range of 20 to 22 per 
cent. 

THE CHAIRMAN: I'm sorry, I didn't hear 
that. 

MR. TABOREK: When we did the analysis 
with our updated information and the improved model, we 


got a range of 





Sarat et ee 
— 1 


argin, that gave minimum t i custome: st. And 






ay a eee eee with 22 nee cent for the appraisal we 
made of our operating experience. And so we were 
pleased that they seemed to be in correlation. 

And again, just to mention, we also did 
an appraisal and said, what would utilities, or what do 


seem to be 





doing? And they seem to be ay 





cent. So we had these three cross-checks, if you will, 
of the results of the processes and they were quite 
close together. 

MR sWATSON¢s mi OvsgvlSsvit “fair tto say*that 
the F&D model produces a series of outputs as you go 
along. And at the end of the day, it produces the 


reserve margin figure. You didn't check the series of 
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numbers that the model produces along the way, but you 
looked at the final number, the reserve margin, and 
that's where,you, didsyourivalidat ién,il, you lwl! ? 

MR. SNELSON: A. Let's be quite clear. 
The Bspimodellidees not producé“reserve margin. The F&D 
model takes a given system with certain 
characteristics, and a given load with certain 


characteristics, and uncertainties of both, and models 


those uncertainties and predicts the number of system ~ 


minutes of unsupplied energy, or the unsupplied energy 
im megawatthours, actually. The division by peak load 


is outside of the model, I believe. 

So the process of determining a reserve 
Criteria is through repeated use of the F&D model with 
different levels of reserve, and calculating the system 
minutes and doing some economic calculations based on 
that, as Mr. Taborek described. So it's not a once 
through the model to produce an optimal reserve level. 

MR. TABOREK: A. This is the process I 


described using this page from Exhibit 136 yesterday, 


where you begin with adding resources to the system or 


defining a set of resources on a system. Av iairiy 


Simple calculation gives you reserve margin. And so 


you note that reserve margin, in effect. 


But now these resources are used to. 
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compute the unsupplied system minutes. And then, you 


take the unsupplied system minutes and add customer 
D@edanagelicost to define the customer! interruption costs! 


(@ You take the resources you have added to the system and 
they define the cost of supply, and they give a total 


\) 
aed x 


So, when you go through this, you will 


have noted a reserve margin; you will have computed an 


ungubpimed system minutes, which you will note, that 
‘corresponds to the reserve margin and the total 


customer cost. 

As Ken was saying, you go back and you 
change the balance of resources to give a range of 
customer costs, and you look for the minimum. And at 
the minimum, you note the corresponding unsupplied 
energy and the corresponding system reserve margin, and 
that's ane number we are reporting, that Bhicn 
corresponds to the minimum. 

This is, to tell you how you know you are 
at the right level of reliability, this parameter tells 
you what the reliability is at the level and this is 
what describes the system margins at that level. 

Q. If you could leave that up, please, I 
may like to refer to it in a few minutes. So the F&D 


model is only used in the third box on that chart? 
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A. To produce the unsupplied energy, 
thats tcor tect : 

Q. The title page of the F&D model fees 
as the term "two state." Does that imply that a 
generation unit is models having only two possible 
availability states, either available at full capacity 
Or not available at all? 

MR. SNELSON: A. I believe that's 
correct, yes. 

Q. I understand it is possible to have 
more detailed models with additional states. 

A. That is correct. 

MR. TABOREK: A. Yes. 

Q. And these additional states can 
represent, for instance, partial availability levels. 

Aw eThat'’s correct. 

Q. And if this other model, with more 
availability states, was compared to the F&D model, 
with only two states, is it fair to say that the 
two-state model could overstate the unreliability of 
the system? 

A. I think, not by a significant amount. 

We were aware that, analytically, 
multi-state models give more detail than dual state 


models. When we considered the improvements to be made 
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to the model, we gave some thought to that, but didn't 
feel it gave a significant improvement and that we 
would be far better off, in describing our system, to 
concentrate on the description of the hydraulic energy 
limits. 

Q. Was that a judgment call that you 
made? 

A. Yes, yes. 

Q. Can you give us some idea of what a 
significant difference is? You said it wouldn't make a 
Significant difference. 

MR. SNELSON: A. I don't think we can 
give a numerical estimate, but we would expect it to be 
quite small on our system, because the effect you are 
describing tends to be significant on systems with very 
few large generating units, where the unit size is a 
significant proportion.of the,total aecen size. 

And it is different, the effect on the 
system is different, between having a unit at half 
Output for two hours, compared to having a unit at full 
output for one hour and zero output for another hour. 
And on a small system, where unit size is significant 
portion of system size, say, if the unit size is of the 
order of 5 or 10 per cent of system size or greater, 


then that effect could be significant. But on a system 
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such as ours, where unit size is, at most, around 3 per 
cent of system size, then this is a very small effect. 

Q. Have you done any analysis of that 
theory? Are there any studies? 

A. Not in recent years, but it was 
certainly looked at 10, 15 years ago when the system 
was reaching this sort of unit size. 

MR. WATSON: Mr. Chairman, I was about to 
turn into another area, if now would be an appropriate 
time for the break. 

THE CHAIRMAN: Thank you. 

THE REGISTRAR: The hearing will recess 
for minutes. 


---Recess at 11:30 a.m. 
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---On resuming at 11:37 a.m. 

THE REGISTRAR: Please come to order. 
This hearing is again in session. Please be seated. 

THE CHAIRMAN: Mr. Watson. 

MR. WATSON: Q. Panel, if you could turn 
to page 10 of Exhibit 137. That 34 Figure 5.1 of 
Exh ppt <8. 

THE CHAIRMAN: Go ahead. 

MR. WATSON: Q. Just a point of 
clarification, before we talk about the figure. I 
understand that Figures 5.1, 5.2, and 5.3 have been 
revised? 

MRoW TABOREK?=)Ase That is‘correct. 

Q. Each of those figures have, in 
effect, two graphs per figure: one dealing with the 
year 2000/2001; the other dealing with the year 
2005/2006. And the changes for all three aeaghe are 
reflected in the year 2005/2006; is that correct? 

AOL YeSe 

Q. Now, very briefly, with respect to 
Figure 5.1, just by way of overview, this figure seems 
to illustrate the fundamental concept behind setting 
the target reserve margin? 

A. Not quite. 


Oy NO? 
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A. What it illustrates is how to 
determine where the minimum total customer cost is; 
that going from there to setting the reserve margin, 
then involves a series of judgments which I explained 
in my direct evidence yesterday. 

Q. Is it fair to say that the target 
reserve margin for a given set of assumptions, looking 
at this curve, should be the value at which the 
reliability benefits of adding a/CTU equal the cost? 

A. Yes, but again, that's where the 
minimum number total customer cost occurs, at that 
pone. 

QO.) Yes. ‘And looking at this Figure 5.1, 
that point occurs where the curves cross the horizontal 
line which is labelled "Cost of Adding a CTU"? 

A.puThatYvstcorrect. 

Q. And for the monthly curve on Figure 
5.1, this occurs at about 20.5 per cent? 

A. For the year 2000/2001, that's 
correct. 

Q. Yes. 

And as you said, the basis of this 
calculation is a minimization of total aperones costs, 
including both supply costs and customer interruption 


costs? 
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A. That is correct, with one Slight 
variation. 

I showed you yesterday a curve which had 
all of the information you described, or a sample of 
that kind of curve. And that curve that I showed you 
yesterday had a broad, flat bottom. And it's very 
diffieult to pick’ out® the precise optimum. 

So, these curves are, in effect, the 
derivatives, to be technical, of the previous curves. 
They give the increments in system cost and the 
increments in reliability; the benefits of reliability. 
SO aS you can see, these give a very sharp indication 
of where the optimum -- where the minimum total 
customer cost occurs. 

So with just that slight variation on 
what you say, that is why these curves are slightly 
different than the ones I showed you yesterday. 

Q. You said derivative. That is the 
first derivative-- 

A. The slope. 

Q. --so in effect these slopes are the 
Slope of the other curves? 

As eTnat steorrect.: 

The reason, for ;doing its this, way, Gustto 


explain, is that the first calculation is very, very 
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lengthy. You have to look at the whole system and 
optimize the whole system. With this, you just look at 
what is changed. And it is particularly Sap Poort ate, 
Since CTUs are the appropriate mechanism to add for 
peaking and for reliability, so it permits the 
short-cut to a sharper answer. That's why we did it 
this way. 

Q. Before we broke, you had a slide on 
the overhead. If you wouldn't mind putting that back 
on, please? That's the one. Thank you. 

Now, I would like to talk a little bit 
more in depth about what, in fact, the F&D model does, 
and how it ties in with the overall system of 
calculating the reserve margin. 

I understand the F&D model does not 
produce *the*curve at Figure 5.17" that 1s not an output 
from the F&D model? 

A. What the F&D will produce is 
unsupplied energy, which will contribute to the curve 
on the left, the sloping/declining curves, the sloping 
curves on the left, labelled "daily" and "monthly." It 
is multiplying the unsupplied energy from an F&D run, 
which gives you the worth to the customer. And then we 
do two runs and get the differential, and that is what 


is recorded on this curve. So F&D contributes to those 
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sloping lines. It's giving the improvement in 
reliability, by adding more and more reserve to the 
system. 

Q. So it contributes to the curve. So 
you have the F&D model producing its contribution and 
then there is some manual process, and then the curve 
at Figure 5.1 is produced? 

A. Manual process... Well, we run F&D 
to produce an unsupplied amount of energy for a 
particular configuration. We then add four combustion 
turbine units which have about 672 megawatts. Now, why 
four? Why 672? It gives about ag2eper.cent 
improvement in reliability margin. 

| SO we re-run again, with the 2 per cent 
higher margin, say, with the CTUs added, and naturally 
you get an improved amount of unsupplied energy. We 
then take the difference, the improvement in unsupplied 
energy, the difference, so now we are getting to the 
Slope, multiply that by the value to the customer of 
that amount of unsupplied energy, and that's what is 
plotted in the sloping lines. 

And then, the horizontal line is taking 
the cost of adding the four CTUs to the system and 
repeating the calculation until you define the curves. 


Or we do it with an additional four CTUs, an additional 
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four CTUs, an additional four CTUs, and show the 
benefit of adding CTUs. 

DR. CONNELL: Amortized over what period? 

MR. TABOREK: Amortized over the life of 
the CTUs, yes, with a real discount rate of 5 per cent. 

MR. SNELSON: The methods of amortizing, 
or levelizing, costs will be discussed in some detail 
in the next panel, in Panel 3. 

MR. YWATSONZ ONO... Tita yous coud dt turneton the 
1981 reliability study, Table 2, which is at page 11 of 
Exhibit 137? 

THE CHAIRMAN: Did you say 1982? 

MR. WATSON: The 1981 reliability study-- 

MRetm@lABORERSGI2t is Exhibit 140. 

MR. WATSON: --which is Exhibit 140. But 
the table that I am referring to is at page 11 of 
Exhibit 137. 

THE CHAIRMAN: I have that, thanks. 

MR. WATSON: Q. That is Table 2 labelled 
"System Designed on 25 System Minute Criteria. 
Occurrence of Load Cuts and Operating Actions." Could 
you tell me whether this table, these values, are 
obtained from the F&D model? 

MR. TABOREK: A. Yes. 


Q. Are these values taken from output 
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tables produced by F&D? 

A. I would presume, so. I don't have 
personal experience with the output of this, but yes. 

MR. SNELSON: A. I perhaps have a little 
more in that I can remember some of the things that 
happened when this was done. 

And these would be interpolations from 
the tables that are output by F&D. So F&D would have 
outputs at different levels in megawatts, which may or 
may not correspond to exactly the levels at which these 
control actions that are shown on the left-hand side 
would occur. So there would be interpolations 
required. But essentially, this information is 
produced by F&D. 

Q. Since F&D was brought in in the 
mid-'70s, have any additional fields or output tables 
beeneputeinto it by, Hydro? 

MR. TABOREK: A. I am sure there would 
be, especially in dealing with the energy limited 
hydraulic, but I am afraid I can't -- well, I should, 
just right up, I can't answer that exactly, but I am 
sure there would be. 

We do make evolution to the model over 
time. I know there had been deletions, and I am sure 


there have been additions. I can't give you.a list. 
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Q. Mr. Snelson, you are mentioning 


= (anterpolation.) If you can turn to the next page of 


Exhibit 137, that is page 12. And perhaps at this 
point, I could make the actual F&D manual an exhibit? 

THE REGISTRAR: 141, Mr. Chairman. 

THE CHAIRMAN: Thank you. 

---EXHIBIT NO. 141: F&D Manual. 

THE CHAIRMAN: This is taken from 141, is 
A ty. 

MR. WATSON: It is. This is table 9.4 of 
Exhibit 141. 

MR. SNELSON: Perhaps we could have a 
copy to look at? 

MS. PATTERSON: Mr. Watson, what year is 
this?® Bt as¥sortworuilleqi bie: 

MR. WATSON: It looks as though it is run 
Eroms,1977.7. Mr. Snelson might be able to help us out a 
li ttle bit morevonithar: 

Q. Is that fair, Mr. Snelson? 

MR. SNELSON: A. You are getting to a 
level of detail in some of these tables which I don't 
think either Mr. Taborek or myself can guarantee that 
we can anSwer your questions. We will listen to the 
question and, if it's within our knowledge, we will try 


and answer. Otherwise, I am afraid we will not be able 
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to help you. 

MR. WATSON: Ms. Patterson, in trying to 
answer your question, I looked at the top of Table 9.4 
in the right-hand column. The date looks like 07 23 77 
newbies 

MS. PATTERSON: But it says in the 
left-hand side, frequency and duration study for the 
year nineteen eighty... It looks like... 

MR. SNELSON: It does look as though the 
run was on the 23rd of the seventh month of 1977. 

MR. WATSON: And they are doing some 
predictions for the years up to 1983, perhaps. 

MR. SNELSON: That's what I would judge 
from the table. I am not sure I have seen this before. 

MR. TABOREK: These are calculations to 
illustrate the manual on how to use the 1977 version of 
the program. 

MR. WATSON: Q. As I understand from 
Mrs. Formusa that this was the answer to an 
interrogatory, §interrogatory ) 2014429, 

MR. SNELSON: A. That's correct. 

Q. You are saying this is an old manual. 
Is there another manual around? 

MR TABOREK : 8A. noNoyitherewisn 't. 


O. “SOethie seb? 
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A. We haven't updated the manual, that's 
correct. 

Q. So there is nothing else we can work 
with. We have to work with this. 

A. Well, you have us. (Laughter) A poor 
second. 

Q. Mr. Snelson, looking down near the 
bottom, there is a series of figures running across the 
page, margin interval from 2. The first column looks 
like 463 and it goes to 0, and then down. The second 
column starts at 0 and then goes down. Do you have 
that? 

MR. SNELSON: A. Yes. 

Q. Were those the figures you were 


talking about interpolating? 
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(e2904> pms) WAtS.I iwas talking about interpolating a 
table that would have been this form. I'm sure it 
wouldn't have been these numbers. 

Q. But the tables in this area, the 
numbers in this area, the margin numbers, the duration 
numbers, the energy numbers, those are the things you 
were talking about? 

MR. TABOREK: A. Yes. The different 
levels by which you -- if you are looking at the margin 
interval from and to, you can structure that in such a 
way that it reflects the emergency measures that you 
have. So the number of times that you are in a certain 
region indicates the use of the emergency measures in 
that region. 

Q. Looking at that table, you have 
values for duration, energy not supplied, a number of 
other columns, rotating cuts. Can you tell us which of 
those values are used in coming up with the actual 
reserve margin? 

A. The unsupplied energy. 

Q. Just the unsupplied energy? 

A Ves ee wentend nobiico s--platverly;, iwe 
have not been using the frequency and duration numbers. 
We have been working with unsupplied energy. 


Q. Are the frequency and duration 


Farr & Associates Reporting, Inc. 


24 


23 


Taborek,Barrie, 2965 
Snelson,Ryan 
cr ex (Watson) 


numbers there used for any other purpose? 

A. No, not that I am aware of; no. 

O.S*TEewe “Coutd turn batk to page Ll, 
please, of ‘Exhibit ‘137? That "1is apie a 

A. The table 2 showing system minutes 
of outages and different -- yes. 

Q. Yes. There are three columns; 
frequency, duration and unsupplied energy. 

A. Yes. 

Q. If I can refer you to the unsupplied 
energy column, are any values, other than unsupplied 
energy for rotating load cuts, used in deriving figure 
apythry 

A. No, it is only the rotating load cuts 
that have costs associated with them. 

Q. So the answer to the question is 
because they are the only ones with costs associated 
with them, they are the only ones that go into the 
calculation of the figure 5.1? 

A. Yes. 

Q. In dealing with unsupplied energy, I 
notice that there are two columns, average width 
uncertainty and average no uncertainty. JI assume you 
used the average width uncertainty values? 


koi Yes’.’ + This s*a 2981 analysis, we are 


Farr & Associates Reporting, Inc. 


Taborek,Barrie, 2966 
Snelson,Ryan 
cr ex (Watson) 


referring. to,with this table. 

Q. Yes. 

A. And the answer is yes with respect to 
that. 

Q. Well, dealing with 1991... 

Aa, NES fit isetruedy aindidn ia 'meéan to 
try to hedge or dodge. We similarly use average with 
uncertainty, counting rotating load cuts now, too. 

O.wWAlderi ght; somwhilel this is! an? '31 
table, the method is the same. 

Aes Tessie didm tiwanti:to .giverthe 
impression that this table was a current table. It is 
a decade old. 

Q. Oh, yes, no question. But the theory 
is the same? 

A. Yes. 

Q. Thank you. 

Now again looking at unsupplied energy, I 
notice that, while you have a value for rotating load 
cuts at the bottom of the table, and then looking up, 
you have a value for industrial and public appeals, you 
have no value for voltage reductions. Does Hydro use 
an estimate for unsupplied energy for voltage 
reductions, ors thatjust notydealtewith? 


A. This was -- the calculation at the 
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time did not count, and Mr. Barrie made this point 
earlier, this 1981 calculation did not count unsupplied 
energy due to voltage reductions. 

MR. SNELSON: A. The reason it was 
excluded from this apes and, again, I'm stretching my 


memory a long way back, is that we did not want to 


imply that any energy reductions, or anyyenergy changes 
due to managed loads, whiéh is load shifting in our 


current terminology, or interruptible loads, that they 


were unsupplied energy. Those are normal operating 
actions, which we don't consider to be unsupplied 
energy, so we didn't report anything in those columns. 

| THE CHAIRMAN: But I'm not sure why you 
didn't include voltage reduction. 

MR. TABOREK: Because it was, basically, 
not evident to the public. 

MR. SNELSON: There is a eee difference 
of opinion among different groups within Hydro, as to 
whether you should or should not include voltage 
reductions. It is a less than 100 per cent supply of 


electricity that is demanded by our customers, and so, 


in that sense, it could be counted as unsupplied 


energy, and the operating branch clearly does count it 


as unsupplied energy. 


We didn't ‘countAt, becausesitiis, 
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generally, almost imperceptible to customers. And that 
is true of most customers, but not all customers. 

DR. CONNELL: How is it achieved by the 
way? Is this simply a manipulation of transformers 
Centrally, 

MR. BARRIE: Yes. Essentially what 
happens is at the bulk supply points, there is 
transformation there, and there is, in fact, automatic 
voltage control there. 

A signal is sent, which essentially 
depresses the low voltage side of the bulk Supply at 
the bulk supply point. It doesn't affect the high 
voltage side, but it does depress the low goveadé Side 
of the bulk supply poate 

DR. CONNELL: Is it continuous or 
step-wise? 

MR. BARRIE: There are two stages that 
can be applied, three per cent and five per cent 
voltage reduction. As Mr. Snelson said, three per cent 
is -- it would be very difficult to even notice it. At 
five per cent, it does become more noticeable to 
customers, especially those that have more sensitive 
equipment. 

DR. CONNELL: And it is uniform, then, 


across the whole system? 
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MR. BARRIE: We can apply it wherever we 
want. 

DR. CONNELL: I see. 

MR. BARRIE: We sometimes have instances 
where we want eens at a particular area, because 
we might have some transmission problem. But in these 
cases, I think we are talking about it being across the 
province. If it is a generation shortfall everywhere, 
it would tend to be across the province. 


MR. TABOREK: In the 1991 analysis 


recorded in Exhibit 87, we count voltage reductions in 
the unsupplied energy, but we don't cost them, because 


there is growing -- we have a good deal of evidence of 
complaints from customers, and having to restore the 
voltage to customers, because of equipment not 
Operating. So we now feel it appropriate to count. 

So what you are seeing is a transition 
Over time. Some of the early analyses didn't, and then 
PSOD did their analyses. In the mid-'80s, they began 
to incorporate it into their criteria. We are now 
incorporating it and now counting it, in our latest 
analyses. 

In Exhibit 87, there is a table which 
lists the kinds of complaints, and it discusses our 


rationale with respect to the counting of voltage 
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reductions. I just can't put my finger on it at the 
moment. 

MR. WATSON: QQ. We will be referring to 
oI later. 

MR. TABOREK: A. Okay. 

Q. Could you tell us how many runs of 
the F&D model are necessary to obtain the data you need 
to produce figure 5.1? 

A. No, I can't. Would you like to make 
a stab at it, Ken? No; sorry. . 

Q. Rough guess? One, ten, a hundred? 


A. Well, ten is closer than one or a 


~ Nephi 
Q. And each time you do an(dteration) (cpt) 


you get some data, then you work with that data in that 


hundred. 


context of the graph, or the flow chart that you have 
on the overhead, and at the end of the day, after you 
have done the iterations and extracted the data at each 
iteration, done the manual computations, you arrive at 
a curve? 

A. Yes. 

Q. Dealing with the unsupplied energy 
numbers, how were they used to derive the curves in 
figure 5.1? 


A. Are you referring to an exhibit here, 
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or is the question in general? Are you referring to a 
Gable or. 

On Tabier2,. 

A. Well, these are the 1981 
calculations -- could you repeat the question again, to 
make sure I understand it? 

Q. Sure. How are those unsupplied 
energy numbers used to derive the curves in Figure 5.1? 

A. Well, by using this process, and in 
1981, the equivalent of what you are seeing? ins5.1, 
but -- not the differential curves that are in Sea,» but 
the absolute curves. 

Q. Perhaps I could help. 

MR. SNELSON: A. Figure 2-6. 

MR. TABOREK: A. Okay. 

Q. Perhaps I could help yousout. 
Referring back to what I was Saying a few minutes ago, 
these are output numbers from the model. These are 
used in your manual calculations, and from there, you 
derive the curve? 

A. Yes. 

Q. Thank you. 

Now if I defined for you something that I 
would call marginal unsupplied energy, and let me give 


that the following definition: The incremental 
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reduction in unsupplied energy, resulting from having 
an additional kilowatt or per cent of reserve margin. 

A. You say, if you could find that? 

Q. I have set up that term, and that is 
the definition that I have assigned to it. 

A. Oh, okay. Say the definition again, 
please? 


Q. I will be pleased to repeat ere. 


7. reanultann fFrar 
" , eS Ut C Li! a 


J 





A. Okay. 

Q. Are you comfortable with that? 

Bee yes: 

Q. Okay. 

THE CHAIRMAN: Kilowatt or per cent the 
same thing? There are two concepts there. 

MR. WATSON: No. Kilowatt is a... 

THE CHAIRMAN: I understand that, but I 
mean, I think you are giving him two concepts-- 

MR. TABOREK: Giving me two numbers, yes. 

THE CHAIRMAN: --of a definition. 

MR. TABOREK: One in which you divide the 
incremental unsupplied energy by a kilowatt, the other 


in which you divide it by a reserve margin. 
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MR. SNELSON: You have a choice. 

MR. WATSON: Q. You have a choice. 

MR. TABOREK: A. Oh, okay. Curtain By 

Q. Does the F&D model calculate this 
type of a parameter, or something like it? 

A. Well, it will certainly do so by two 
runs of F&D. The way that I would normaklyrdowrt is, 
and as I have described we have done it, is we would 
add a kilowatt, or we would add some reserve margins, 
and then you would get it. 

Does the table... 

MR. SNELSON: A. The margin table that 
you were looking at, which is figure 12 of Exhibit je ae 
comes close to that, but is not that. 

Q. Could you help me out a little bit 
about where it does come close? 

A. As I understand the table, that was 
about a third of the way down the page, that talks 


about cumulative margin states. 
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i220 patie Qs «Yes? 

A. I believe that is the total 
Statistics. At zero is the state where load and 
Capacity are exactly in balance. And minus 625 is 
where there is 625 megawatts of deficiency in capacity. 
Minus 972 is where there is 972 megawat ston deficiency 
in capacity, and so on. 

So these are levels of deficiency. And 
at those levels, then the columns give the statistics 
as to numbers of outages, the average duration and the 
energy not supplied at those levels. 

Now, I believe that the next table is the 
differentials, and is the differences between those 
lines, and I would have to check the arithmetic to see 
whether that, in fact, is the case, but I believe that 
is that case. 

And so, the zero to minus 625 line, in 
the table that has the heading "Discrete Margins" gives 
the average duration of being within that band of 
deficiency and the energy not supplied that is 
associated with being in that band of deficiency. 

And so, these are close to incremental 
values, but they are not due to a per cent of reserve 
and they are not due to a megawatt of Capacity, because 


this is due to, in this case, a 625 megawatt change 
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that is there all the time. 

When you are talking about the effect of 
a change in load, then there are all the effects of 
load shape that are modelled in the model which are not 
captured in«thisstable’ SoPaf there ‘was a“625 
megawatts higher peak load, which would cause a 625 
megawatts deficiency at the time of peak, then the 
deficiency at other times will be less than 625 
megawatts. So you would get a different result in the 
calculation. Maybe not a very large difference, but 
you would get a difference. 

Similarly, the effect of 625 megawatts of 
extra capacity would be different because that Capacity 
would have modelled with it its forced Outage rates and 
other characteristics of that Capacity. So these types 
of ea bes are indications of the sort of incremental 
ideas that you are looking for, but they are not either 
of the definitions you have given us. 

Q. Are there any tables elsewhere that 
would provide that sort of information, or is this as 
close as we come? 

A. I believe that the way Mr. Taborek 
has said they had been doing the Sau NG on is by 
Successive runs. Where they do, if they want to know 


what an incremental change is, then they do a run; they 
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make a change to the load or to the Capacity, and then 
they do another run. And then, they look at the 


difference in the final outputs. 


Q. So the only variation is the CTU C 


_ block, in effect? 


A. Yes. 

Q. Just so I understand, the marginal 
value you are calculating is in effect the marginal 
value associated with the CTU block and not the 
Marginal value associated with a kilowatt or a per cent 
of reserve margin; is that Laure? 

MR. TABOREK: A. Yes. 

Ocagehie yourcould’ turn to the ‘97 
reliability review, Exhibit 87, at pages 95,7 which is 
pages13, oft.exhibit) 137. 

Near the top of the page, the last 
sentence before item 5.1.1 indicates that the ether 
reserve margin requirement in 2005 relative to 2000 
appears to be attributed to immature nuclear units and 
peaking hydraulic additions. 

Are there any other important causes? 

A. No, those are the important causes. 

Q. Can you tell us the relative shares 
of these two causes, with respect to the total 


increased reserve margin? 
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Az. JNoyiivean "er 

Q. Can you give us a rough idea, as to 
which one is larger? 

A. No. 

QO. 0 Okay. Can iyousfind tout sige us? 

A. aves. 

Q. Thank you. 

I understand that the commissioning a new 
unit is, hopefully, a short-term phenomenon. Does the 
required reserve margin spike up from the years 
2004/2005 to the year 2005/2006, and then go down again 
later? 

A. That will depend if that is the end 
of these phenomena. If you are, however, in a series 
of additions of new units, you will go through the 
teething problems with each of the new units and the 
level will stay up. And it is when you stop putting 
new units, that all of the immaturity is taken out of 
the system. And when you are working with mature 
units, it would drop again. 

Q. In the plan, are there immature units 
that are being added throughout the later parts of the 
planning period? 

A. Yes. The whole plan is to add units 


and we attribute immaturity to all the units. 
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Q. So, in effect, what you are Saying 
is, as these new units are brought on, they are going 
to have, as you said, teething problems as well. 

A. Yes. 

Q. So that we are not going to 
experience a spike at that year, at 2005? 

Bate i NG. 


Q. Are new units which are undergoing 


commissioning counted as firm resources in determining 


the forecast reserve margin? 


2978 


MR. SNELSON: A. I think we can give you 


how they are modelled, and you can determine whether it 


meets your definition of firm. 


There are two effects which are put into 


the model to include the effect of immaturity. The 


first effect is in-service date uncertainty. »And I 


believe that the model presumes that a generating unit 


has a small probability of being six months early anda 


small probability of being up to 18 months late. And 


between those two extremes, the probability of it being 


in-service is a linear line. So the net effect of that 


assumption is that units, new units, are more likely to 


be late than to be early. 


The other factor is that the reliability 


indices for units, following their in-service dates, 
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are slightly higher in their early years in service 
than they are in later years, and so that captures a 
lessor degree of availability of new units than mature 
units. So those two effects are both in the F&D model. 

Q. Let's take a epeearaa example, and 
perhaps you could help us out. Assume that we have an 
880 megawatt unit that's being brought on, can you tell 
us when that - and it's undergoing commissioning, it's 
Sitting there - can you tell us when you are going to 
include that in your reserve margin calculation? 

A. In the reserve margin calculation, 
which is just the straight arithmetical addition of 
Capacity and comparison to load, it would be included 
in the reserve margin capacity on the date that it is 
forecast in-service date. 

O-. sOnkthess. 2 

A. On the date that it is forecast to be 
in service, on its planned in-service date. 

The calculation we have just described, I 
have just described, is how it is modelled in the 
frequency and duration model. And we have, I believe, 
the correct figure up on the board. The reserve margin 
Calculation is the second box from the top of this 
figure, and the F&D calculation is the third box. So 


the simple approach is taken in the reserve of margin 
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calculation, the probabilistic approach is taken in the 
frequency and duration calculation. 

Q. If you could turn back to page 10 of 
Exhibit 137, which is the Figure 5.1 in the 1991 
reliability review. I would like to refer you to the 
vertical axis, please. Could you tell us what that 
represents? Is that an annualized value or is ita 
present value? 

MR. TABOREK: A. There are two lines I 
will describe; there are two different cChingswan lis; 
in essence, a per year cost. And in the case of the 
horizontal line, the cost of adding a STUP" Lins? the 
levelized carrying cost of the CTU, it's the present 
value of the capital and OM&A over the life, amortized 
to put it on an annual basis. 

In the case of the unsupplied energy, it 
is the amount of unsupplied energy saved in a year, 
multiplied by the customer damage cost, with an 
allowance for the cost of running a CTU. 

Q. Talking about the cost of adding a 
CTU, you were referring to a CTU block before. Is it 
fair to say that that is a 672 megawatt block, in 
effect, four times 168? 

A. Yes. 


O.47 Looking¥atwPigure’5.1, it looks as 
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though the annual cost of an additional 672 megawatt 
blocks of CTUs is about $29-million; is that fair? 

A. Yes. 

Q. Now, given a median firm load 
forecast of 28.2 gigawatts in 2001, is it fair to say 
that a 672 megawatt blocks of CTUs contributes about 
2.4 per cent to the reserve margin? 

I notice Mr. Snelson has a calculator. 

MR. SNELSON: A. The numbers were? 

O. 14 The "CTUN D1 ock#- Ss? 672, and’ from the 
plan report Figure 9.2, the median firm load forecast 
for 2001 is 28.2 gigawatts. 

MR. TABOREK: A. We chose that number of 
megawatts and CTUs to give about a 2 per cent increment 
in reserve margin to do this figure. It seemed to be a 
convenient... 

MR. SNELSON: A. 2.38 seems to be about 
the right number. 

OO phZas8? 

Now, I would like to do a brief exercise 
in trying to interpret Figure 5.1. I would like to 
know how the curve works, if I want to add a CTU block 
of 672 megawatts. If I have this graph and I want to 
add 672 megawatts, how do I read the graph? 


MR. TABOREK: A. If you look at the 
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monthly curve on the left, in the year 2000, the top of 
the curve is roughly at the $35-million level. 

On Year 

A. And what that says is that you will 
have added the block of CTUs to get you to the reserve 
margin at that point on the curve, which is roughly 20, 
and you will have saved 35-million in customer damage 
costs. 

That if the next block is added, that 
will add about 2 per cent. So you would go down to 22 
per cent, and you would save, by moving to that point, 
you would have saved roughly 10-million, a smaller 


amount. 
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(12:36 p.m.] It's the gain in moving to the reserve 
margin level indicated on the horizontal axis using 
blocks of CTUs. 

Q. So you start with Figure 5.1, you add 
something, and then you move toward the reserve margin 
that you end up with? 

A. I didn't quite get to start with 
Figure 5.1. If you just leave that off your phrase, I 
believe you are expressing it comme ctihy:. 

O.ovSo, istitefait ctco™say> then; that 
this curve represents the incremental value of the CTU 
block given that the reserve margin after adding the 
block is the value on the horizontal axis? 

Re Correct. 

Q. And the key word there was "after" as 
Opposed to "before"? 

A. Yes. 

Q. So, in looking at the monthly curve, 
if we want to take our 672 block and apply it, the 
incremental value of the last 672 megawatt block of CTU 
Capacity, which is required to meet the 24 per cent 
target reserve margin, is the value of the curve at 
reserve margin 24. Is that correct? 

A. Yes. 


Q. Which is zero? 
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A. Yes. 

Q. Thank you. 

A. This, incidentally, is another 
reflection of the curve we were looking at that showed 
the transmission and distribution and generation, all 
on the same chart that showed the 1981 calculations. 

And what you are seeing here is that, in 
the reserve margins of 24 per cent shown here, there is 
very little customer damage occurring, very little 
unsupplied energy. But you will notice that, moving to 
the left, you can get to a point quite quickly where 
the costs begin to rise very sharply, and this is a 
Similar reflection of that. 

MR. SNELSON: A. Another aspect of that. 
And you will notice there is also a daily curve on this 
figure. And these are two different assumptions as 
regards the operation of hydraulic olaree. And we 
believe that, in reality, the operation is somewhere 
between these two curves. 

The monthly curve presumes that Mr. 
Barrie and his system operators are clever enough to be 
able to perfectly schedule water within a month so as 
to use all the available water at the times when it is 
of most value; that they know to save water this week 


because there is a cold spell coming next week and they 
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will need it. 

The daily curve assumes that each day the 
available water is used, and used in that day to its 
best advantage, but not in the month to its best 
advantage. So the reality is probably somewhere 
between the two curves. 

Q. You have actually anticipated one of 
my questions a little later, Mr. Snelson. Thank you. 

invireferring® tomFigure’ 5.1, af you’ only 
had Figure 5.1 for the year 2000/2001, what would be 
the target reserve margin? 

MR. TABOREK: A. Well, I would go back 
to the kind of logic I used earlier. I would look 
at -- and am I permitted to use the monthly and the 
daily, or just the monthly? Just the monthly? 

| Q. Let's start with the monthly and see 
what we get. 

A. I would look at the minimum total 
customer cost occurring a shade above 20 per cent, and 
then I would exercise the judgments in logic that I 
described yesterday, and I would move to some point 
more reliable than that. And I would be tempted to go 
in the 23/24 per cent range, I think. 

And because I can get there at little 


additional extra cost and a great deal more of 
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reliability, and I am backing myself off the Lipsget 
CRISTOPLES: 

And I would do that, and the reason I 
would do that, just to reaffirm the points I made 
yesterday - and in a way this now begins to answer the 
question about the other models - you have to give 
people credit for doing these models, because they are 
modelling very complex systems, very rare phenomena are 
occurring, but the models don't capture everything and 
thevdata is difficultetovget. 

And it's the nature of this analysis that 
it will understate the true optimum. And that is a 
second factor that would press me to move to the right. 
For instance, Ken mentioned the fact that the actual 
operation of our hydraulic system is not probably on 
the monthly or the daily, but somewhere in between, so 
that would cause me to move to the right. 

So I have, in effect, indicated three 
factors that would suggest one should not read just 
where two lines cross and say, "That's it," because the 
modelGsaidmrtadidtthat .) Somlewouldego one the?23%to° 24 
per cent range with all of that. 

QO. And the 23 to 24 per cent range is to 
PhemrightMof sthe=— 


A. Right of the minimum. 
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Q. --intersection of both the monthly 
and the daily curves with the cost -- 

A. And the intersection of the daily 
curve is about 20, and the intersection of the monthly 
is between 22 and 23. And so I have said -- 

Q. The other way round. 

A. I'm sorry. The minimum for the 
monthly is at 20, roughly; and for the daily curve, 
it's ‘about (2274.23. 8 ANnGrtso jl inemy judgment. 23,024, 
uSing this only, and those bits of evidence. 

Now, I have kind of put myself ina 
rather sterile world. JI would want to know an awful 
lot more about the environment in which I was making 
the decision, and the purpose of the decision. And I 
would want to take all of those factors into account 
before really making the choice. But with what you 
have given me, that is what I would do. 

Q. So you would take these curves, you 
apply some judgment to it. One of the things you look 
at is the fact that the reality is somewhere between 
the daily and the monthly. Which do you attach -- 

A. The reality with respect to the 
operation of the hydraulic system-- 

QO. Yes. 


A. --in stressful conditions. 


Farr & Associates Reporting, Inc. 


24 


25 


Taborek,Barr 
Snelson,Ryan 


ie, 


Cr ex (Watson) 


Q. Which would you attach more weight 


to, the daily or the monthly? 
A. The monthly. 
Oo Why “is that? 


A. Judgment. 


Q. Can you give us some of the factors 


that would go into your judgment? 


MR. SNELSON: A. I can give you some 


factors’. 


Q. Thank you. 


A. The reality is that there is a fair 


degree of water storage on our system. 


peaking hydraulic plants - and this is relevant mostly 


for the peaking plants - most of our peaking hydraulic 


Most of our 


plants do have water storage that allows the water to 


be held back and used preferentially in days of high 


demand and used less in periods of low demand. 


do have that capability to schedule water. 


And we do have a limited degree to be 


able to predict the loads a few days ahead, maybe not 


the full month ahead, so there is some capability to do 


that. There are also operating practices where one is 


getting close to running out of water in peaking 


So we 


plants, where you start to take measures to conserve 


water, just in case you end up running out. 
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So, this may involve increased use of 
voltage reductions or increased use of public appeals, 
Or increased purchases over the date reonmect Yona emaue 
the operators would go to some considerable length when 
they start to see a danger that they are going to run 
short of water. And they will start to take actions to 
try and avoid that circumstance. 

Q. Mr. Taborek, you indicated that you 
gave the monthly more weight. Can you give us an idea 
of relatively how much more weight you would give it? 

MR. TABOREK: A. I would interpolate 
down the middle. 

0.44 SOs, if dS, ,ain -effiectada 150i penj cent 
weighting for each of them? 

A. No, I guess that's... You are asking 
me for very coarse judgments, and I am loath to give 
them, and I don't think I would like to quantify them. 

Q. We can try and get away from the 
quantitative, maybe just some sort of rough 
qualitative. Is there substantially more weight on the 
monthly than the daily? I got the impression from what 
you said that they are in the same ballpark. Is it 
fair to say that? The weighting practice for both are 
similar? 


A. I guess I don't think of it in that 
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sense. I usually tend to weight a number of things 
together, and, yes, there is considerably more weight 
on the monthly. 

And so, for instance, in my direct, I 
showed you the monthly curve as the typical 
representation I would give to you. And that is to 
simplify a very complex set of judgments that you have 
to make. 

QO. wes. Looking -at Figure 5.1, can we 
convert the figures on the vertical axis to values in 
dollars per kilowatt year by simply dividing by 672,000 
kilowatts? 

A. Yes. 

MR. SNELSON: A. We can check that-- 

MR. TABOREK: A. We can check. 

MR. SNELSON: A. --with people who are 
more involved in these things, but we believe that is 
the case. We would get back to you if it was 
different. 

Q. Well, then, I understand from your 
earlier answer, then, that the average value of each 
kilowatt in the last 672 megawatt block added would be 
zero; is'*that fair? 

A. To the scale shown on this figure for 


the monthly curve, yes. 


Farr & Associates Reporting, Inc. 


24 


Pale 


kilowatt 


be zero, 


Saabem Dy 


Taborek,Barr 
Snelson,Ryan 


lie, 


cr ex (Watson) 


Q. And then, of necessity, every 


in the block, including the first one, 


as well? 
A. I believe so. 


On.» Thankevou. 





How much 


would 


in other words, by the size of a CTU block from, say, 


| = 


A. That would be the cost of the 672_ 


ts of CTUs. _ 


yes. 





a 


Q. That would be the 29=-million. per 


A. That's as I interpret the figure, 


MR. TABOREK: A. Yes. 


Q. What would be the impact on 


reliability of customer service, from reducing the 


299) 


reserve margin by 2.4 per cent from 24 per cent to 21.6 


per cent? 


if I am understanding your question properly. 


model. 


As s You, would, read that off Figure 5 ok, 


MR. SNELSON: A. According to this 


MR. TABOREK: A. According to this 
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calculation, yes. 
MR. SNELSON: A. Recognizing that the 
calculation is only a partial description of reality. 
Q. If we are looking for the reliability 
measure aS -—- perhaps I should rephrase the question 


and make sure we are all talking in the same level. 
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[12:52 p.m.] I was interested in the impact on 
reliability. That would be, in effect, a system-minute 
type of answer, if I understand the concept correctly. 
And if, in fact, we were dealing with that, wouldn't we 
find the answer in-- 

MR. TABOREK: A. Figure 5.3. 

Ota iguremoe3e 

A. Of the same exhibit? 

Qs BRaght: 

A. Yes. That would give you for this 
model and this conditions, the change in system 
minutes, using the monthly hydraulic model. 

QO. “AndGthat is at page 15 of Exhibre 
137? And is 2t fairyto say; intdookingrat figure S.3, 
the impact on reliability in reducing the reserve 
margin from 24 per cent to 21.6 per cent would be an 
increase of approximately two and a half system 
minutes? 

Ase 2From, 24atoi 21.62 pOh,;syes;okay.7) 24 
is about one system minute, and 21.6 is about five, if 
I run the scale, the left scale for the year 2000. For 
the year 2005/2006? 

Q. I was looking at 2000/2001 when I 
took 21.6 and brought it up to the curve, just so that 


we are doing the same thing. I then brought that over 
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to the vertical axis and got a figure of just above 
four. 

A OKay. 

Q. Then when I did the same thing with 
24 per cent reserve margin, I brought that up and then 
took that over to the vertical axis and got a value of 
just under two. 

Ae ‘Looks about right. 

Q. So that would give us a difference of 
the stworol juste over itwo, Say, two to ‘two and a half, 
something like that? 

A. Yes. 

Q. So that would be the increase in 
system minutes in reducing the reserve margin by 2.4 
per cent. From 24 per cent to 21.6 per cent? 

A. Yes, For the year 2000/2001. It 
would be different for 2005/2006. 

Q. Yes. 

And the incremental value of the 
increased customer outage, could you give us an idea of 
what that would be? 

MR. SNELSON: A. Are you talking about a 
value, well, in system minutes? You have given us the 
value. 


Os Dowlars’. 
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Aw jyinedollars. 

MR TABORERs, Aw eGoeback ite yeablegs Ain 

Q. The answer would be? 

MR. SNELSON: A. The answer would be 
very small. And the reason is the system minutes that 
are being reported in figure 5.3 include public appeals 
of reductions, which are presumed to have no cost 
associated with them. 

So, in the reduction in the reserve 
margin that you are talking about, there would be a 
Significant -- there would be a measurable impact on 
customers in terms of public appeals and voltage 
reductions, but we do not impute a cost to that. So it 
doesn't occur and doesn't come up in the economic 
optimization of reserve. 

Q. In effect, going back to figure 5.1, 
in looking at the curve, as you say, the values can be 
very small. In effect, it is going to be almost zero, 
with the caveat that you put forward about voltage 
reduction and appeals? 

A. The amount of rotating load cuts, 
which is what is costed, is very small. But the amount 
of system stress incidents that would impact on 
customers, there would be a measureable change. 


Q. What would be the impact on total 
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customer costs of reducing the reserve margin in the 
same way, 2.4 per cent from 24 per cent, to 21.6 per 
cent, dealing with the 2000/2001 curve? 

Preval Divouwt.:. 

Q. Is that the same? 

Ais aol f¢you Save $29-million in avoiding 


nits, and the 





amount of costed rotating load cuts that changed is 
very small, then total customer cost, in that sense, 
would be down by very nearly $29-million. 

I come back to the view that we should 
not only be looking at the 2000/2001 curve; that is, a 
period in which there are no new generating units, and 
the units that are on the system have been there for 
some time and are presumed to have reached mature 
forced outage rates. In a growing system, the 2005 and 
2006 numbers may very well be more representative. 

MR. TABOREK: A. And again to reinforce 
the points made earlier, this type of analysis would 
naturally tend to understate unsupplied energy. 

Q. What would be the effect on NUG 
payments of reducing the reserve margin by 2.4 per cent 
from 24 to 21.6? Is it fair to say they would be 
reduced? 


MR. SNELSON: A. Yes, they would be 
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reduced, presuming that we may retain the same methods 
of calculation that we are currently using. 

Q. Do you have any idea of the 
approximate impact on the NUG payments? 

A. Per kilowatt of capacity, it would be 
adareductiion chy zipartem nt l2aiparts. So that. is a lint 
60 part of the capacity part of payment. The capacity 
part of the payment is of the order of $60 per kilowatt 
per year. 

I'm just giving you rough orders of 
magnitude. And so it would be of the order of $1 per 
kilowatt per year. Now that is just rough estimating, 
but I believe the orders of magnitude are right. 

Q. What would be the effect on the 
demand management plan of reducing the reserve margin 
in the same way, by 2.4 per cent, from 24 per cent to 
21.6 per cent? 

A. There would be a small reduction in 
the avoided cost calculation, and that would be 
reflected also in the demand Management avoided costs. 
That may or may not be reflected into incentive 
payments or any program design aspect, as to how the 
demand management programs are implemented. 

Q. And one more question before lunch. 


What would be the 
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‘the reserve margin by 2.4 per cent? In other words, 


the $30-million or the $29-million. 





A. I cannot give you an estimate on 
Chac. 

Q. Is it fair to say it would help? 

A. Clearly, if you spend some money and 
you spend it in the right places, it has to help. An 
order of magnitude of that improvement, I don't think 
there is anybody on this panel who could estimate that 
Er $you: 

It doesn't necessarily mean either that 
it is a spend-it-on-one or spend-it-on-the-other. If 
the money is justified on generation, then maybe it 
should be spent on generation. Transmission is subject 
to ‘av wholevset of other ‘kind*of"conditions’ “And “if we 
decided to save money on generation reserve, it may 
well be that the saving in money would show up as a 
reduction in rates to our customers, rather than 
increased spending on some other program. 

Each program is more or less looked at in 
its own right, but, of course, the corporation is also 
doing calculations as to how much in total it can 


afford. And so you can't say whether money saved in 
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one program would be available for spending in another 
program. 

Q. Mr. Taborek or Mr. Barrie, do vou 
have anything to add about the money being spent on 
transmission and distribution; whether that would 
assist? 

MRieg LABOREK:: + Aver Welt nifirsity.ofvala.,| one 
would hope that expenditures would assist. And that 
what you are looking for is if there are -- I presume 
your question is aimed at asking whether there is a 
greater benefit to the customer in spending in one area 
than the other? 

Q. We are looking at reliability. 

A. From a point of view of reliability. 
And that kind of analysis is something that not too 
many -- well, people have not been able to do. You can 
get some information on that, and you can make 
judgments by looking at the differential gain in 
unsupplied energy due to a dollar spent in generation 
and a dollar spent in transmission, and to have -- and 
those benefits should be matched against the customer 
damages that are being incurred, or the Savings in 
customer damages. That is how you'd attempt to make 
those judgments, to answer that question that you 


posed. 
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MR. SNELSON: A. I would like to add 


that I don't believe that we have any computational 


tool that can estimate the a 








iy, for planning purposes. 


Now you did mention Procose. Procoseyy 1 


think, 





present; Wtrasponlyepracticablestor lookwatwit?tfor a 


very short period of time, for a closely defined set of 


circumstances. And I don't think that it is practical 


to do that calculation for a whole system, for a number 


of years into the future, that will enable you to do 
that sort of incremental calculation. 

MR. TABOREK: A. I think, as during the 
course of the morning, I hope we have given you a 
measure that these reliability analyses of generation 
can only take you so far. And when you now add the 
complexity of the generation and the transmission 
system together, people have a long way to go before 
models can do that, if they ever get there. 

MR. WATSON: Thank you, those are my 
questions for the morning. 

THE CHAIRMAN: We are going to adjourn 
until 2:30. This afternoon we must stop at 4:30. Do 


you think you will be finished this afternoon? 
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MR. WATSON: No. 

THE CHAIRMAN: No. When do you think you 
will be finished? 

MR. WATSON: I imagine I will be most of 
tomorrow. 

THE CHAIRMAN: All right. 

THE REGISTRAR: Hearing will adjourn 
UNG ieee oO On 


———~Luncheonsrecess atel:05 p.m. 
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we=ON Lesuming sat 2 $35.-p+ils 

THE REGISTRAR: Please come to order. 
This hearing is again in session. Please be seated. 

THE CHAIRMAN: Mr. Watson? 

MR. WATSON: Mr. Chairman, you will 
recall this morning that I was asking about the North 
memorandum. And the panel undertook to try and find it 
and they were somewhat apprehensive about whether they 
could. I can tell you that they have found it and I 
have it. What I suggest we do is make this the first 
exhibit in the exhibit we are setting aside for Panel 2 
undertakings. You will recall that we started that 
process in Panel l. 

THE CHAIRMAN: Or it could just as easily 
go in as the next exhibit; coulda Cenot 7 

MR. WATSON: Perhaps we could make the 
next exhibit that exhibit for Panel 2 and we will put 
everything in there as it comes forward. 

THE CHAIRMAN: Is that all right? 

MRS. FORMUSA: That's fine with me. 

THE CHAIRMAN: What is the number? 

THE REGISTRAR: The next number is 142. 


THE CHAIRMAN: It will be 142.1. 





THE CHAIRMAN: We haven't reserved it 
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't think. “Is ‘that right, we didn't.reserve a 


number yet? 


a number. 


don't we? 


MR. WATSON: I don't believe we reserved 


THE CHAIRMAN: We have one for Panel 1; 


THE REGISTRAR: Yes, Now/134._ 


THE CHAIRMAN: Okay. 


MR. WATSON: I am not going to refer to 


that this afternoon. I just received it and perhaps we 


could have 


and see if 


of Exhibit 


and I like 


fa rst sul. 


copies made and I will look at it tonight 
any questions arise from it. 

THE CHAIRMAN: All right. 

MR. WATSON: Thank you. 

Q. Panel, if you could turn to page 16 
137, that is a page from the plan analysis, 
to refer you to the last sentence in the 


paragraph at the top, just before 3.4 


Eeliability criteria.” ‘It reads: 


"For example, earlier studies on 
generation system reliability (the System 
Expansion Program Reassessment 619797) 
found that a 5 per cent increase in 
installed generation, results in a 60 per 


cent decrease in unsupplied energy, at a 
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cost of increasing customer prices by 

about one per cent." 

Now, I would like you to turn over the 
page, if you would, to page 17 of Exhibit 137, and you 
will see under Total Generation Unreliability, the 
second sentence talks about the 10-year average level 
was 11.1 system minutes, significantly below the 78 
system minute standard. 

Now, you will recall this morning when we 
were talking about SAIDI, there was table put forward, 
and the SAIDI values were in the area of about 200, 
250, in that area. What I would like to do is explore 
the statement on page 16 in a little more depth. 

PUCSCROLCallyeis ite faire'to) say: that, the 
unsupplied energy from generation is a small fraction 
of the total unsupplied energy? And I assume it is, 
historically, from what we saw this morning in Figure 
25203 

MRe BARRIEs OA. BHISCOri Cally. that as 
true, yes. 

Q. In fact, when we are looking at some 
of the figures here, if we are looking at 11 system 
Minutes versus figures in the 200s or so, we are 
talking about, say, a 5 per cent level, if you will? 


A. Yes. But you are now using SAIDI 
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which is all unreliability, distribution, transmission. 
Q. Yes. 
A. Yes. 
MR. SNELSON: A. Maybe I can just 


Clarify here and just to make sure we are on track. I 





MR. BARRIE: A. Yes. 


MR. SNELSON: A. Which is mostly a rural 


distribution system. It does not consider the 


unreliability of the munic: 





systems which covers most of the distribution of the 
province. 

Q. Well, if we are dealing with this 
quote on page 16, the 5 per cent increase in installed 
generation results in a 60 per cent decrease in 
unsupplied energy, could you help me out a little bit 
as to what you mean by that "“unsupplied energy"? That 
is not total unsupplied energy, is it? 

A. It's unsupplied energy due to 
generation unreliability. 

Q. Right. And when we are looking at 
the total unsupplied energy, is it fair to say that 
that 60 per cent figure is going to decrease 


substantially? 
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A. Undoubtedly, if you have a change and 
you now express it as a percentage of a larger base, it 
will be a smaller percentage. 

Q. So if that sentence is changed to put 
in the word "total" before "unsupplied energy," we are 
going to have a completely different meaning to that 
sentence; is that fair? 

A. Yes. But the purpose of that 
sentence was to describe generation unreliability, and 
that's the subject that we are addressing here. 

Q. But in fairness, when you are looking 
at the balance of that sentence, you are talking about 
the cost of increasing customer prices by one per cent. 
That's the price that the customer sees, is it not, and 
that deals with more than just generation 
unreliability; isn't that fair? 

A. That is the total price the customer 
sees, and that statement was more or less based on 
Figure 2-6 of the 1981 report which was attached to 
Interrogatory 2.7.1 and we gave it its own Exhibit No. 
this morning which I don't have recorded. 140, I 
understand. 

Q. But again, the costs that you are 
talking about here in the sentence is the total cost 


seen by the customer, and the effect on the customer is 
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going to be from more than just generation 
unreliability. And when you are talking about total 
unsupplied energy versus the generation unsupplied 
energy, you are going to find that that 60 per cent 
figure decreases substantially; isn't that fair? 

A. First of all, you have used the 


phrase "total cost." This quote is about customer 


prices and the total cost is the sum of the ggueiomene 






bility. And if you look at Figure 2-6, of 
Exhibit 140, the one per cent change is approximately 
the slope of the underlying line of the cost of power. 

The reduction in the cost of 
unreliability to customers is such that in this figure 
over the range of about 22 to about 27 per cent, then 
there is no sensible change in the total customer cost. 
The curve is more or less flat over that period. 
Because the reduction in customer interruption costs is 
approximately balancing the increase in-the cost of 
electricity; that is, the cost of power. 

THE CHAIRMAN: Are you saying - just so I 
understand this quotation on page 3.5 — that unsupplied 
energy, the underlying words there should be 
“unsupplied generation energy"? 


MR. SNELSON: Yes. 
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THE CHAIRMAN: That is what it should 
have said? 

MR. SNELSON: Unsupplied energy due to 
generation unavailability, generation problems. 

THE CHAIRMAN: So that certainly doesn't 
leap out at you from reading the plan analysis. The 
quote is under a heading called "Reliability at What 
Cost." There would be other costs involved then. 

MR. SNELSON: Certainly. And we may have 
been too close to it, that we are looking very closely 
at the generation reliability and generation effects, 
and we would write a sentence like that and perhaps not 
put it into the proper context. 

MR. WATSON: Q. Panel, if you could turn 
to page 18 of Exhibit 137, which is Figure 5.2 of 1991 
reliability study. Is the zero per cent probability 
curve the same as the line that's identified as monthly 
insFigure 5741? 

MR. TABOREK: A. Yes. 

Q. I would like to you refer to the 100 
per cent probability curve. Now, was that obtained 
using the same input assumptions as the zero per cent 
curve, except for the deletion of the two 880 megawatts 
units? 


A. Yes. 
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Q. Why do you chose to delete two 880 
megawatts units, instead of one or, say, four? 

A. Well, it was a judgment and perhaps 
the judgment was based on the fact that we have had two 
Pickering units out, we could have another two units 
out. It's a credible failure. 

Q. When you are running the F&D models, 
how did you actually arrange for the two 880 megawatts 
units to be deleted from the run? 

A. Now, I am not sure but I would 
presume that amount of capacity in this case would just 
be zeroed out; it would not be there. It's a hundred 
per cent certain, there is no uncertainty about it, so 
just remove it from the run. 

Q. Does it make any difference in your 
run aS to which units you delete? 

A. Not unless there is some other 
characteristics of those units that are important. 

Q. Are there? 

A. No, I couldn't imagine. Especially 
if you are just deleting them. 

Q. And that's what you do, you just 
delete them? 

A. Yes. I believe that. I have to 


check because I think that's what would have been done, 
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but I will check. 

Q. Why don't we just assume that's the 
situation, then, if it's something different, you will 
let us know. 

AS. Sure: 

Q. Thank you. Looking at the 10 per 
cent probability curve. Was that constructed simply 
uSing a weighted average of the zero per cent curve and 
the hundred per cent curve? 

A. Again, I believe, yes. 

Q. Was it a simple weighting-- 

As Wes. 

Q. --where you took the zero curve, 
multiplied by .9, and the hundred per cent curve 
multiplied by .1? 

A. And I think... That looks to-be the 
case, yes, just interpolating. 

Q. Looking at the zero per cent 
probability curve, is it correct to interpret that as 
representing the assumption of no common load failures? 

A.) Yes: 

Q. Could you expand upon that, please? 

A. The underlying logic of the F&D 
program is that outages in one unit are not correlateed 


or linked to outages in the other; that is, two units 
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won't fail or N units won't fail for the same cause, 
i.e., for a common cause. 

Having said that, there is some 
possibility of common cause events occurring and we 
acknowledge that we cannot model that, and so we give 
consideration to that in various ways, and that's what 
was done here. 

Q.- I could ask you about the hundred per 
cent curve again. It represents any two large units 
failing together. How do you represent the event of 
more than it two large units being unavailable, owing 
to a common cause? 

A. We would then remove additional 
units. 

If I am correct in my a first assumption, 
and, as I say, I will have to check that, then more i 
units coming out would just have the same effect. 

Q. Would that affect the number of runs 
you would do? 

A. Excuse me just a moment, please; I 
would like to consult, please. 

Yes. 

Q. So the question I asked, would you do 
additional runs? 


A. Yes, we would do additional runs for 
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that. 

Q. Okay. Why did you choose a 10 per 
cent probability curve? Why not 20 per cent or 30 per 
cent? 

A. Again, it was a number chosen. There 
waS no special -- any number of lines could be 
interpolated freely by anybody, and it was just one we 
chose. 

Q. Could you give us some idea of the 
factors that went into the judgment involved? 

A. We noticed a variety of different 
evidence about common cause outages. You will find, in 
Exhibit 87, an indication that our forecasts of normal 
forced outage rates is frequently wrong by virtue of 
events, a number of which are common cause outages; I 
think they would be classed as common cause outages. 

And from time to time, we seek estimates 
from people or forecasts, if you will, of what common 
cause outages might be. And some of those estimates, 
we have reported in some of our reliability indices 
reports. And I think simply stated, we are not very 


satisfied with those. 
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b224a5epim.i So, what we do when we do these 
calculations is to note that this cause exists; one 
should not grab one number of what the model will model 
and use it; one should make allowance for these other 
things. 

Now having said that, to give a hard 
judgment on precisely what that allowance should be, we 
are not exactly too clear on, and we can't give you an 
analytical representation. We are giving information 
here that you can read across. It is in the range of 
SO Many per cent, depending on what you choose. 

If you look at the past errors we have 
made in predicting forced outage rates, you might 
choose a 50 per cent line. If you choose the 50 line, 
I think you are assuming that you have not learned 
anything from these past errors and that your 
generation has not improved. 

On the other hand, you can say, well, you 
have only got by those problems, and there will new 
problems in the future. 

Having said that, we are left with the 
problem. We have an effect. We can't model it. You 
have to allow for it. And we have actually made an 
allowance for it in a different way than in an 


analysis. 
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We haven't talked yet about the fact that 
one of the emergency measures we make an allowance for 
is purchase over the interconnections. And we make an 
allowance of 700 megawatts in a peak period; whereas, 
the capability of the interconnections is much more 
than that, and, again, depending on the circumstances 
in which you find yourself. 

Now the reason we limit ourselves to 700 
megawatts is because we have observed that when we make 
errors in forecasting our loads, other utilities around 
us are making similar errors in the same direction, so 
that if the reliability problem that hits us is a load 
forecast type of problem, we and the other utilities 
are in the same boat. And we won't have much in the 
way Of support for each other, so we limit the number 
to 700. 

Now to bring that to the issue we are 
discussing, if we have a generation problem, a common 
cause problem to our generation, it is very unlikely 
that the utilities surrounding us would have that same 
kind of problem. And therefore, one of the offsets, if 
you will, one of the judgments we make, is that perhaps 
the easiest way to cover the fact that the analysis 
wiil aE really address this issue satisfactorily is 


notatottrywand do an analysis -- well; it isn’t through 
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pursuing the analysis further, that would be 
unsatisfactory, but to note that we may have a thousand 
Or two thousand megawatts additional available to us on 
the interconnections for use in circumstances when we 
have a common cause type of failure, but not when, as I 
say, we have a load problem. | 

So that, I think, is why we didn't try to 
push this analysis through to some final conclusion. 

We didn't feel that would be productive. We felt this 
other way of acknowledging and accommodating that was 
more productive. 

Q. Did you do any statistical analysis 
of common load failure? 

A. No. 

Q. One last question on 5.2. 

Does the 10 per cent probability curve 
represent the severity and likelihood of any number of 
units out for a common load failure, not just two? 
---Off the record discussion. 

MR. SNELSON: A. I think the question 
was whether this reflects the effect of more than two 
units or only two units? Was that the question? 

Q. That's fine, yes. Does it represent 
two? And if it only represents -- or can it represent 


more than two? 
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A. I believe it represents two 881 
megawatt units. It would not represent three 881 or 
four 881 megawatt units, but it might represent four 
440 megawatt units. It might represent any combination 
of units that was about that same amount of capacity. 
Close enough. 

DR. CONNELL: It could presumably 
represent three, if you assigned a different 
probability to it? 

MR. SNELSON: If you assigned a different 
probability, but I don't think we have done the 
calculation of what the three units out of service 
would mean, in terms of unsupplied energy. And so, I 
don't think we have any basis to assign the probability 
to it, in terms of three units. 

~ MR. WATSON: Q. I understand that all 
four units at a nuclear generating station share a 
common vacuum building; is that correct? 

MR. SNELSON: A. Yes. 

MR. TABOREK: A. Yes. 

Q. If that is so, could an instance 
involving the vacuum building, for instance, the 
venting of steam into the vacuum building, or the 
failure of the vacuum building, cause all four units to 


be shut down? 
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A. Yes. 

Q. And how sudden would that be? 

MR. SNELSON: A. I believe it would be 
almost immediate. As soon as the vacuum building has 
been used, because of a major incident in one 
generating unit required it to be used, then all 
remaining units connected by that vacuum building would 
have to be shut down very quickly, because they would 
no longer have one of their back-up systems 
operational. 

Q. So you would not have a lot of time 
to arrange for emergency purchases to replace that lost 
generation? 

MR. BARRIE: A. No, you would not. This 
would be an instance where that loss would be greater 
than the normal contingency that we guard against. You 
have sort of moved into the operating time frame here. 

Yes, that would be beyond our normal 
contingency. 

Q. And how long would replacement power 
be required? 

MR. SNELSON: A. You would have to have 
some form of replacement for whatever time it took to 
clean up the vacuum building, and restore its 


Operational capability for the remaining good units in 
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the generating station, presuming that the problem that 


was severe enough to cause the he vacuum building to be 


used, and the generator that was faulted, is of 


sufficient magnitude that that unit probably would not 


be available for quite a long time. 


So, if you are in’a four-unit station 
RP ai EN iT : 


: epee ie erg Misa, ae b “443 eee, en 
with one vacuum building, one unit is damaged, 


6 ° Te — 3 . 
sufficiently to cause the vacuum building to be used, 
OMT Foor units will be shut down quickly. Three units 


will be returned to service as soon as the vacuum 


building can be put back into service. 


good estimate for that, though we have had that 


estimate at various times. 


fingertips. 


Snelson? 


whose failure could result in the shut-down of two or 


more units? 


caused it. 


Q. Could you get that for us, Mr. 


A. Yes, we could. 
Q. Thank you. 


Are there any other common facilities 


A. There have been incidents that have 


The fish in the St. Clair River have a 


habit of swimming together, and there has been the 


I don't have a 


I don't have a number at my 


occasion where a shoal of fish swam into the intakes of 
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the Lambton generating station and required all four 


units to be shut down at the same time. 





A. Yes. 

Q. Any other examples besides water 
intakes? 

A. There must be others. Other causes 
of common cause failure that are not due to the same 
equipment being used, but can have implications for 
more than one unit, is that occasionally we have 
problems with frozen coal in very cold weather, and 
that can affect several units, in fact, in several 
different generating stations. 

It tends not to put the unit out of 
service, it tends to produce a derating of the unit. 
You can only get as much power as you can get the coal 
off the coal pile and grind it, and get it ready for 
burning. 

Q. Has any sort of risk assessment been 
done to estimate the probability of these events? 

A. We have had some looks at what would 
happen if we lost a whole nuclear generating station 


because of a vacuum building outage as one cause of 
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that. 

Those calculations haven't been done for 
some time. They tend to be estimated as very remote 
probabilities, things which are too remote to be 
covered off in normal reliability planning, though we 
do like to give some consideration as to how the system 
would behave under such circumstances. 

Q. These events, I guess, were referred 
to earlier as high risk/low probability events. Would 
the probability of these sort of events be less than, 
say, 1 in 2400? 

A. I can't recall the numbers that were 
put on them and I don't have a great deal of confidence 
in the numbers that were estimated as probabilities, 
because they are judgments of people, but they are 
quite small probabilities. i 

If, by 1 in 2400, you are referring to 
loss of load probability that many utilities plan to, I 
would point out that I don't believe that that is a 
realistic measure of a risk of failure. The 1 in 2400 
is the risk of failing due to generation problems, 
usually assuming no common cause outages, usually 
assuming that the load forecast is exactly as 
predicted. 


Very few of these utilities take into 
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account load forecast uncertainty, and so, although 
they quote a risk of 1 in 2400, an actual risk of 
faidcingers probably an order of magnitude or more 
higher than that. 

Q. And the events that you are talking 
about when you say that they are high risk/low 
probability, are they in closer to the first order of 
magnitude or the second order of magnitude that you 


were just referring to? 





were put on to the use of a vacuum building in a 
nuclear generating station were a lot lower than once 
in ten years. 


Q. Were lower than that? 


3021 


A. Yes, a lot lower than 1 in 10 years. - 


Q. What would be the result on the 


target reserve margin if a common cause failure of four 


units was considered instead of two? 

A. It would increase the reserve margin 
that was required to produce an optimum and the degree 
to which it was increased would depend upon what 
probability you assigned to that happening, and, 
therefore, what weight it got into any probabilistic 


evaluation. 
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Q. What would happen to these curves? 

A. They would be higher. 

Or? trey would shitt Co*the rrqht/, “in 
other words? 

Ay “Yeo, 

Q. And your answer is the degree to 
which they would shift to the right would be a function 
of the probability that you attach to the event? 

A. If you assigned a hundred per cent 
probability to the event, such as the dotted line, as 
shown in Figure 5.2, then it would shift to the right. 
But it isn't a reasonable basis for planning to assume 
that there is a hundred per cent probability that some 
very remote event will happen. 

And so you then have to say, what weight 
do I give that in my planning evaluation? And the 
probability might be one means of assigning a weight to 
that sorts of consideration. 

It's also, perhaps, unreasonable to try 
to assign specific numeric probabilities to very low 
probability events depending on how good you think your 


estimating methods are of estimating probabilities. 
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P3208 pimid You see, the way it is taken into account 
in our planning, and we've said this several times 
today, that we are aware that the models that we use do 
not capture all of the uncertainties that we face. 

And, therefore, we tend to deviate from the theoretical 
lowest-cost point towards a slightly higher reserve 
part of the region. 

So if the reserve margin shows an optimum 
of 21 per cent, then we know that for very small 
increases in cost, according to the model, we can go to 
23 or 24 per cent reserve, and we know that that gives 
us more protection against these phenomena, such as 
common cause outages, which we know are not included 
at the point. 

So this is one of the factors in our 
judgment, to err towards the high reliability side of 
the flat portion of the curve. 

MR. TABOREK: A. If we were to add 
common cause events to our model and seek to reproduce 
these curves with it in, I think I would also try very 
hard to get a higher emergency interconnection 
assistance that we could probably obtain in those 
circumstances into the model as well. And I would seek 
to have both of those factors in the model at the same 


time before judging changes. 
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MR. SNELSON: A. The point was made -- 
the question was asked as to how quickly could we 
arrange emergency support, and the answer was given, it 
will take some time. 

I would also like to just bring into the 
discussion the fact that ae get emergency support 
automatically and immediately, in the event of 
contingencies, whether we arrange it or not. So if we 
have a large loss of generation, the immediate effect 
is that that power, or a large part of it, flows in 
over the interconnections, as was described by Mr. 
Barrie yesterday. 

Now, there will be limits to how much we 
can allow that to happen, and while we were bottled at 
Bruce, we had an understanding with our interconnected 
neighbors that we could operate the system in such a 
fashion as to have two large Bruce units be replaced by 
power automatically flowing in over the 
interconnections, and that would not cause undue stress 
on our neighbours' systems. So that was how we were 
operating during that situation at Bruce. 

And in the event of a vacuum building 


operation, there would be some time to close, shut the 


units down in an orderly fashion, and to attempt to buy 


over the interconnections. It may or -- it depends on 
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our neighbours' situations, just how much support is 
possible in that respect, but it would be at least two 
units. 


Q. I'd like to turn *eethetoprc of 


rene and if you can refer to the 


‘F&D manual, pages Tr to 14, and they are pages 19, 19A 


andid 9Rvof Exhibit J378 

THE CHAIRMAN: Go ahead. 

MR. WATSON: Q. You will see these pages 
referred to, the representation of hydraulic generators 
under point 6. On page 13, they describe two models, 


an economic model and a demand model. 


Very briefly, as I understand it, the 


@) economic model involves the construction of an hourly 


r 





WULauliengenenabiaiesghedule, 
: OM g 


algorithm, | Is that fair? 


MR. TABOREK: A. Simply, yes. It is a 
little more complicated than that, but yes. 

Q. And the demand method, in effect, 
ee y adjusts the peaking hydraulic capacity to 
avoid violating an energy constraint, without deriving 
an hourly schedule? 

A. The demand model llizes the 
hydraulic capacity, and regardless of energy limits, 


but in the process does make an attempt to check 
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whether energy limits are being violated. These two 
models were features of the 1977 F&D model. 

©: Yes. Were either of these two models 
used in deriving the curves in the '91 reliability 
review? For instance, figure 5.1? 

A. Both of these models have evolved, 
and it is, I guess, the evolved versions of these 
models that were used to produce the present numbers. 

Q. Are these two models internal to the 
F&D global model? 

A. Internal, they are part of the Fé&D 
program, yes. 

Q. Are they part of the F&D model, or 
are they separate entities? Are they subroutines in 
F&D? 

A. I'm not sure, unless someone else is 
here -- I'm not sure. 

I presume normal programing technique 
would be to make these subroutines, so I would give you 
that. 

Q. Mr. Snelson? 

MR. SNELSON: A. Well, as I understand 
it, you can run the model in these two ways, and you 
probably have slightly different data requirements, and 


you probably have to switchs as to which variety of 
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model you are going to use. But how the model is 
structured, b.don*tirknow ;aandiecs 

Q. What model was used to construct the 
hourly schedule? 


A. It was an evolution of what is here 


called the economic model. This economic model goes __ 


ops Ta yaRETAN c 
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~ schedule from a monthly load dur ation curve, and it 


_ applies it to daily curves. And as a result, it does 


Sd ly Nie 


not properly levelize the daily load curves in its 1977 
version. There has been work done since then that 
allows it to levelize the daily load curves, and that 
model is now termed our hourly. 

The dynamic model -- or excuse me, the 
demand model used -- sorry. 

Q. I was going to ask you a few more 
questions about the economic model, before you got into 
the demand model, unless you want to deal with the 
demand model now. 

A. As you wish, at your convenience. 

Q. Is Promod used? That is P-r-o-m-o-d. 
Is that used for this purpose? 

A. Not any longer. Promod, again we are 
going back some way, and we have -- Promod was 


Originally a part of the Process, but it is no longer a 
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part.’ It ts all done now in FsD. 

Q. Is the economic model like the 
two-tier model in the consistent energy set, which has 
daily and monthly calculations? 

A. I don't know the answer to that. 

MR. SNELSON: A. I don't know. 

MR. TABOREK: A. I would doubt it 
because the consistent energy set is an energy model. 

MR. SNELSON: A. I don't think we know. 

MR. TABOREK: A. Yes, I guess we don't 
know. 

Q. Could you tell us how the model does 
the peak shaving to levelize the daily curves? 

A. Basically, we have a hydraulic 
Capability, one for weekdays and one for the two 
weekend days. We have daily load duration curves for 
each of the 36 day types that are in F&D, and we apply 
the hydraulic capability to flatten the load, the daily 


load curves, and previously the economic model had 


Flattened the monthly load duration curves, with 


uncertainty convolved in, I might add. 


Q. 


So how does the model implement the 


daily versus the monthly peak shave? 


A. 


talking about the 


Well, what we have done Re Atl fiwe fare 


economic model, the old economic 
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model was discarded, and the new model, which we call 
the hourly description of hydraulic, was implemented, 
and we know longer use the old model. 


Q. So in your manual, on page 13, when 


you're talking about economic models, you describe two 





Q. The first one is the -- the first one 
is that the model levelizes the thermal demand of the 
load duration curve for the day type. Now I believe 
there was some reference to this this morning, talking 
about Mr. Barrie being able to predict accurately for a 
month. And that is the essence of this problem, is it 
not? What you are talking about here is you are -- we 
have, in effect, an over... 


A. I don't. think, this is. thes same 


problem. 

Q. Okay. 

A. As I understand this problem, this is 
a -- I have described a process where these models are 


attempting to model complex things. And from time to 
time, we have described limits that these models have 
reached. And what we have here, and I don't 
understand, really, why these people back in '77. 


modelled this just the way they did, but one of the 
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things, that it is a more correct modelling procedure 
to do it the way it is now modelled. 

What you would get if you attempted -- if 
you modelled using the monthly hydraulic curve, and 
daily curves were not really leveled, and now we level 
the daily curves. 

Obviously, I don't understand. I've 
researched some of the work back then, which is why we 
were able to find that report so quickly, but I can't 
find all the evidence of what went on back then. 

Q. So is what you are saying, in effect, 
that the current version of this model, in effect, 
takes care of that problem? 

A. It is a better representation of the 
hourly or economic model, yes. 

Q. Doesn't avoid it; it is just a better 
representation of it. 

A. Well, it is a better representation. 
Again, we still remain -- we right now are struggling, 
as we discussed this morning, for a good representation 
of the behaviour of our hydraulic system under 
uncertainty. It is one of the pivotal difficulties we 
have in modelling, and it is an area where we are 
different than most U.S. utilities, because of the fact 


of our hydraulic capacity. 
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Q. So you are using some evolution of 
the economic model right now. Are you uSing... 

A.’ For the hourly curves. 

Q. On the hourly curves. Are you using 
the demand model, or some evolution of that today? 

Aa Yes, <l thinkjyou could call iit. an 
evolution. The demand model basically assumed that the 
full capacity of the hydraulic system was available for 
any period of time. And the modellers at the time 
recognized that energy limits would limit the output. 
And they attempted to check whether they were impacting 
on energy limits by -- well, they separated out the run 
of river, and then they took the peak, and they found 
out how much peak they would expect -- peak -- how much 
energy the peaking hydraulics would expect to use, and 
then they compared that against the amount of energy 


that was available to these units on a monthly basis. 
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po2 Sup. met! Now what they did is they checked against 
an expected value. An expected value is sort of a 
weighted average of a range of outcomes. And as a 
consequence, when you have a range of outcomes, while 
you may pass the test of the mean, some of your less 
probable or outlying events may be giving you exactly 
the problem you have been seeking to check for. It 
wasn't a sufficiently discriminating check. 

Now having said that, when we have talked 
about incorporating hydraulic energy limits in our 
model, or improved hydraulic energy limits, what that 
boiled down to, in essence, was instead of checking 
against the expected outcome, the mean, to check 
against the distribution or levels of outcomes. 

And so what you would find then is that 
more often you would find that you would be running 
into energy limits. And what the model does now when 
it does its check is it checks at different levels of 
load forecast, it identifies the energy -- the 
instances in which there is unsupplied energy and 
tallies them as part of the unsupplied energy so you 
get more unsupplied energy than if you had run the 
demand model. 

And then, in other cases, of course, 


Since we are looking at the mean, you will find that 
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you pass with flying colors so you back off your 
thermal system more. 

But that, in essence, is what the 
incorporation of hydraulic energy limits into the 
models has accomplished, or how it was done. So it's 
an evolution, I think, of the demand model. 

Q. The two models that you have, the 
economic model and the demand model, I get the 
impression, looking at these, that they were somewhat 
discrete, at least originally they were separate, 
separate entities. I get the impression now, in 
listening to you, that there is more of a convergence 
now in these two models; is that fair? 

A. I have trouble relating to what you 
described. The F&D is a suite of programs and sub 
programs. And I think there is a convergence, in that 
both types of models have been improved. I don't know 
that you would go further than saying that. 

Q. Are these models, the economic model 
and demand model, mutually exclusive? 

A. Mutually exclusive, with respect to 
what? That you run one? 

Q. That you run one of them and not the 
other? 


A. Not the other? I don't know. I 
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believe so, but I will check it, and get back to you if 


it's not case. 


Q. Thank you. In the manual, there is 





ay mMmeaawatth 7 ur —_ 
peaking hydraulic energy? 
A. Yes. 


Q. Is that estimate still in the model 
and, srt stills valid? 

A. Well, that is the number I was 
referring to, the expected value that was used to check 
whether energy limits are being impinged on, and 
instead of that number being in the model, which is the 
expected value of the distribution, what we now do is 
check against the distribution of errors that could 
OCcCUrs 

Q. In the 1991 reliability review, 
Exhibit 87, you do account for hydraulic energy limits? 

A. Yes. 

Q. When did you first account for 
hydraulic energy limits? 

A. It's something that -- well, as you 
can see, we have been working on it, I think almost 
fair to say, perpetually and continuously. That some 
of the work that I am aware of was done perhaps '85-86. 


I don't know that we have even -- we are just now, in 
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effect, getting a prototype ready. So that when we 
said we had a model prepared to use for production 
purposes, I think is now. And even that model is not 
yet fully a production model. It's quite complex to 
LUM 

Q. Well, in Exhibit 87, the energy 
constraints are taken into account in your analysis-- 

Be ses. 

QO. --in coming to your bottom line with 
respect to system minutes and reserve margin? 

Be! YES; 

Q. When you were calculating your 
reserve margin system minutes, prior to 1991, did you 
use energy constraints? 

A. Only the expected number. 

MR. SNELSON: A. I think our central 
calculation would have been used the demand model with 
the check against the expected value which Mr. Taborek 
has mentioned, and, in most cases, that did not prove 
to be a constraint. So, in most cases, the system 
would not require, on that basis, more energy from the 
hydraulic units, assuming they are the last units 
loaded and they are capable of being provided. 

Just as an illustration of the point that 


Mr. Taborek was making, about the difficulty of that 
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model, when the F&D program was originally conceived, 
it did not have load forecast uncertainty rolled into 
it, as part of the uncertainty in the load. 

And these hydraulic models, that are 
described in the original manual which we have, are 
reasonably appropriate for the situation without load 
forecast uncertainty, but ceased to be effective when 
you do have load forecast uncertainty. 

And put very simply, these models assume 
that you can store water, in a year when you have 
underforecast your load and you have lots of 
generation, and use that water in a year when you 
have -- sorry, the other way around. 

They assume that you can store water ina 
year when you have overforecast your load, and you have 
much more generation than you need, and use that water 
in a year when you have underforecast your load and you 
have a generation shortage. And while we do have some 
ability to store water on a monthly basis, and a very 
small amount on a seasonal basis, we really have almost 
no capability to store water from one year to another. 

So the demand model, as it was originally 
drawn up, did not properly account for hydraulic 
limits, and that's why you have seen language saying 


that we needed to have further work on hydraulic energy 
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limits. And that's why we did further work on 
hydraulic energy limits, and why we have an improved 
model in Exhibit 87. 

Q. And if I understand Exhibit 87 
correctly, there were eet that you elaborated 


r system minutes 





upon, which allowed you to r 


» And one of those -- 





MR. TABOREK: A. Perhaps I can pick that 
up again, because those three factors are not the three 
factors that allowed that to happen. There was one 
factor that did it, which is not one of those three. 

Q. And that one factor is? 

A. In my direct evidence yesterday, I 
identified the fact that it, really, when we finally 
broke through and figured it out, it was the fact that 
we had made different allowances for public appeals in 
1981 and now. 

In 1981, we had assumed 10 per cent would 
be available, and now we are assuming 2 per cent. And 
that is the factor that makes the system minute 
difference. 

©. i Okay. badustwsesIicunderstand,:at's 
fair to say, when I look at page 9 of Exhibit 87, you 
are talking about the reduction of the system minutes 


from 25 to 10. And you are say there are three factors 
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primarily causing this change. 

A. Yes. 

Q. And the first one that You mention is 
hydraulic energy limits. 

A. Those were, to put it bluntly, those 
three statements are wrong. 

OsvetOkay: 

A. And I wrote them, so I know. 

We had a situation, we thought we knew an 
answer, we had to get the report out, and so we had to 
give the answer we thought was right. 

And having issued the report and having 
Carried on work, we found that those weren't -- true, 
those are all significant differences, but they are not 
differences which cause 25 to become 10. What causes 
that is the difference in the assumption on public 
appeals. 

THE CHAIRMAN: What page is this in 
Exhibit 987 2 

MR. TABOREK: Page 9 of Exhibit 87. 

MR. WATSON: That's on page 9 of Exhibit 
87, Mr. Chairman. 

THE CHAIRMAN: Right at the end of the 
chapter? 


MR. WATSON: Yes, the overall summary, 
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the last page. They are talking about the reduction of 
the system minutes from 25 to 10, and then there is a 
line there, there are three factors primarily causing 
this change. 

THE CHAIRMAN: Yes. 

MR. WATSON: Q. Mr. Taborek, as I 
understand it, you are saying that those three factors 
are not the factors that cause it and there is one 
factor that causes it and that one factor is the 
reduction in the 10 per cent for voltage reduction and 
appeals? 

MR. TABOREK: A. Public appeals. 

Q. To 2 per cent? 

A. Yes. 

MR. SNELSON: A. Just public appeals. 

THE CHAIRMAN: Just public appeals. 

MR. TABOREK: Just public appeals, not 
voltage reduction. 

THE CHAIRMAN: Would this be a good time 
to take a break? 

MR. WATSON: Yes, Mr. Chairman. 

THE REGISTRAR: The hearing will recess 
for 15 minutes. 


=—~—-Recegs tat -5'35 "perm. 
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--sOneresumingsate3<:53 p.m. 

THE REGISTRAR: Please come to order. 
This hearing is again in session. Please be seated. 

MRS. FORMUSA: Once again I apologize. 

THE CHAIRMAN: Mr. Watson. 

MR. WATSON: Q. If we could take up 
where we left off, Mr. Taborek, again talking about the 
reduction in the system minutes from 25 to 10, and you 
are going to have to bear with me. It's going to take 
me a little bit of time I think to understand this. 

What you are saying is the three factors 
here are no longer the factors that contribute to that 
decrease; is that correct? 

MR. TABOREK: A. That's correct. 

Q. Do they have any value at all or are 
they of zero value? 

A. Well, they have an effect on the 
system in that just as we say that when you recognize 
hydraulic energy limits on the system, you will 
experience more in the way of unsupplied energy and 
that that will cause you to shift towards a more 
reliable system; and similarly the same sorts of 
phrases with -- same sorts of comments with respect to 
CTUs and lead times. 


Now, we thought that that accounted - and 


Farr & Associates Reporting, Inc. 


24 


25 


Taborek,Barrie, 
Snelson,Ryan 
cr ex (Watson) 


it was a speculation - for the effect on system 
minutes, but while the system minutes had gone down, 
reflecting a move to a more reliable system, the 
reserve margin had not, the reserve margin had stayed 
the same, 22 per cent roughly. 

And it was taking those two factors 
together and having a little more time to work at this 
that we finally realized how to account for that, and 
it is as I described in my direct evidence yesterday 
that the reason that we are now at 10 system minutes 
rather than 25, is that the way you do the calculation 
is you compute load cuts which are costed and then you 
compute -- and you add to that the unsupplied energy 
that is a result of public appeals and now voltage 
reductions. And in both instances, the minimum total 
customer cost with rotating load cuts came at just a 
few system minutes. 

And then what you effectively do is you 


add on your public appeals, system minutes and public 


3041 


appeals, and the system minutes and voltage reductions. 


And when you add on the system minutes from a 10 per 


cent return from public appeals compared to a 2 per 


cent return from public appeals, that is what takes you 


from ~~ and that you only go to 10 system minutes 


rather than 25. 
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And then the other side of this: Why 
didn't the reserve margin change at the same time? The 
reason the reserve margin apparently hasn't changed at 
the same time is that the forced outage rates that were 
being used in 1981 for the thermal units were quite a 
bit higher than the forced outage rates that are being 
used now. 

MR. SNELSON: A. I think it is fair to 
say that all these factors have an effect, and the 
change that has taken place is that rather than 
ascribing it to a combination of three factors, we were 
blind, if you like, and we failed to see a fairly 
obvious factor that explained a very large part of the 
change. These factors are still significant 
differences between the reliability calculations before 
and after; they just are not the main reason of the 
change in the system minutes. 

Q. Thank you. The three factors that 
are referred to on page 9, they all state a proposition 
and then they state a conclusion. For instance, the 
first one says "Hydraulic energy limits on the system 
are now recognized, leading to higher reliability." 

Are all those three statements still correct? 
MR. TABOREK: A. Yes. But they are not 


correct in describing 10 system minutes. 
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Q. I understand that. 

But by themselves, each statement is 
COLLeECts 

A. Each statement is correct, yes. 

Q. But together they don't have the 
weight that you were ascribing to them-- 

A. That's correct. 

Q. --to reduce the system minutes, and 
that is being done by the reduction of appeals? 

A. Yes. 

MS. PATTERSON: On the third point, is 
that correct, the third one where it says “Lower 
TVeliabil lity. a. 

MR. TABOREK: Yes. 

MR. SNELSON: It's a convoluted argument. 
The point is that with a long lead time you have to 
plan on a very large generation reserve to cover off a 
lot of uncertainty. And with the shorter lead time, 
you can plan for a lower reserve margin. You may also 
optimize at a slightly lower system minutes of 
unsupplied energy. That's not quite so clear. But 
Clearly this will lead you to making use of the shorter 
lead time to permit you to plan to a lower level of 
reserve margin. 


MS. PATTERSON: Thank you. 
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MR. WATSON: Q. So in reducing the 
appeals if you will from 10 per cent to 2 per cent, how 
does that reduction affect the change in system 
minutes? 

MR. TABOREK: A. As I have explained, 
the economic calculation determines the system minutes 
that are costed, i.e., that are associated with load 
cuts, and that turns out to be just a few system 
minutes. 

And then to find out what the system 
minutes for our target are when we are also taking into 
account public appeals and voltage reductions, which we 
count but we don't cost, you then add to the system 
minutes that you got for the voltage reductions, system 
minutes for public appeals and voltage reductions. 
Previously they had added system minutes equivalent to 
10 per cent public appeals which was close to 25 system 
minutes; a small number plus this gave you 25. 

Now to this small number, we add the 
system minutes equivalent to 2 per cent public appeals 
and that gives us 10 in effect, with allowance for some 
small voltage reduction numbers. 

Q. When you reduce the impact of the 
appeals, doesn't that increase the load cuts? 


MR. SNELSON: A. If you kept the system 
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the same, yes, it would. If you had exactly the same 
system and you said that now I can only rely upon 2 per 
cent load *reduction due to public appeals instead of 10 
per cent load reduction to public appeals, then clearly 
there would be more load cuts if that was all that 
happened. 

But if you have said because I am 
allowing only 2 per cent for customer appeals, then I 
need more reserve margin and I have changed the system, 
then you find that the increased reserve margin to 
accommodate the lower amount of public appeals has an 
offsetting effect on the unsupplied energy; and so you 
will come back for an economic optimum to about the 
same amount of unsupplied energy from rotating load 
cuts, and you will end up adding to it a different 
amount of unsupplied energy, as Mr. Taborek has said, 
counted but not costed for public appeals. 

That is the combination of circumstances 
that leads to a lower level of system minutes being the 
apparent optimum of reliability. 

Q. We got into this because I was asking 
some questions about energy constraints and, == 

THE CHAIRMAN: Before we leave it. 
Exhibit 87 is an exhibit in this evidence in this case. 


It was one of the exhibits that the panel relied on 
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when they opened up their hearing. 

I have no idea - at the moment I wouldn't 
even express an idea if I had one - as to what the 
Significance is, but if there is something like this 
that is not only just mildly but is dead wrong, as I 
think I heard, I think it would be better in the future 
if that were demonstrated and doesn't come out in the 
course of cross-examination. 

I won't say any more about that than 
that, but that would be a better way of doing it. 

MRS. FORMUSA: I think in terms of 
addressing it in evidence-in-chief, it was addressed. 
The statement, I agree with you, that perhaps we should 
have gone to that page and corrected the page. So I 
appreciate that. 

THE CHAIRMAN: All right. 

MR. WATSON: And Mr. Chairman, we may 
have some more questions on this tomorrow. 

We will certainly look at this tonight. 
But that will deal with this particular area for now, 
CxCeEDts. : | 

Q. As I said, we got into this because I 
was talking about energy constraints and when they were 
first accounted for. And I understand that while they 


were accounted for in 1991 in this Exhibit 87, what I 
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was interested in as well was whether energy 


MR. TABOREK: A. They were upeaat 2a for 
in the sense of they were accounted for in the demand 
model which is imperfectly, and I guess the simplest 
way is to say no, they weren't accounted for because it 
was not an adequate accounting. 

Q. What is the effect on the required 
reserve margin of accounting for -- 

A. If I may, I would just like to come 
back on one point. 

Q. Sure. 

A. Within the model, I would come back 
and say there are again deficiencies in models, and 
models alone do not solely set the numbers people use 
in their analyses. 

We do use our judgments, we do check 
ourselves against others, so to recognize the limits in 
models. We were quite comfortable that the reserve 
margins we used in the DSP were adequate for our system 
and to that extent, they covered energy limits. 

And so coming back that reliability for 
generation planning is not just running models and 
using the output of models. It is one of the tools we 


use, and it's an imperfect tool but a valuable one. 
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Q. So what you are saying is in the DSP 
there is a judgment, there was a judgment used in the 
Same way that there is judgment used today in the same 
way there was judgment used in 1981? 

Ae Yess, 

Q. And while the model has evolved and 
is now taking account of energy limits and it didn't at 
the time -- 

A. We are still using judgment and the 
model still does not account for many other things. We 
still use judgments and the reserve margins that we are 
putting forward now and previously are appropriate for 
the use in the DSP, and they cover all the appropriate 
factors. 

Q. And today's model with energy 
limitations is attempting to take away some of the 
judgment that you would have used earlier? 

A. Yes. 

Q. Could we look at the effect on the 
required reserve margin of (1), accounting for 
hydraulic energy limitations relative to (2), ignoring 
these limitations. Could you give me a rough idea of 
what happens? 

A. Could you be a little more specific. 


What effect are you looking for? 
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Oc” .Okay. Ifyou LOOK at FigulLe 3.1, LOF 
instance, where would Figure 5.1 be without energy 
limitations? Would the curve shift to the left for 


instance? 
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[4:09 p.m. ] Awe They. wouldishift to the Weft: 

Q. And that means it would shift toward 
a lower reserve margin? 

A. A lower reserve margin, yes 

Q. Can you give us a rough idea of how 
much it would shift, if energy limits weren't involved? 

A. I think about three per cent-- 

Q. Three per cent. 

A. --in some cases, and again, I will 
have to check that. 

Q. Did you consider the uncertainty in 
hydrological conditions, when you were working on these 
models? 

A. No, we work with median hydraulic. 
And again, the fact that the amount of water available 
to us will change from low water years to high water 
years, it is not a feature of the F&D model. 

Q. So you used a median hydrological 
scenario, as opposed to a wet or a dry scenario? 

A. Yes. 

Q. So that is the basis for the '91 
reliability review, and that is also the basis for the 
D/SP? 

Asy Yes. 


MR. SNELSON: A. I think we have already 
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said that the labili for the D/SP 


effectively did not include hydraulic limits, and so it 
is immaterial whether the hydraulic limits that were 
not included were median or dependable. 

Q. Can you give us an idea of why, in 
the '91 review, you used a median hydrological 
scenario, as opposed to a dry scenario? The dry would 
be more conservative, would it not? 

MR. TABOREK: A. Yes, it would be more 
conservative. We have traditionally used the median, 
and, I guess, there is a much smaller capacity 
difference, if I recall, with hydrological conditions, 
than there is with energy difference. And until we had 
a better representation of energy limits, I think that 
there was not a strong incentive to go on and 
incorporate other features in the model. I think that 
would be the main reason. 

MR. SNELSON: A. I think the simple 
reason is that if we used the dependable water 
condition, which in our definition is a "once in 50 
year" dry water year, then we would significantly bias 
these results and our conclusions about the expected 
unsupplied energy, and the expected cost of unsupplied 
energy, and how to balance that per customer costs. 


All those conclusions would be 
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Significantly biased. If you have to use only one 
estimate, then the median is the best estimate we have. 

Clearly, a better model would be to 
include a range of estimates and so on, but that is a 
significant increase in the calculation, and it has 
taken us a long time to get to this stage of hydraulic 
modelling. We haven't gotten that far yet. And I 
wouldn't like to predict when we would be able to do 
that, or whether we plan to at all. 

But clearly, if you only have one number, 
and you don't want to produce a biased estimate, the 
median is a better estimate than some point way out on 
the tail of the distribution. 


Q. Could I define another concept for 





you? 


eabbenbottionof.the-capacity ’ is not usable, because of 


ideierierent energy behind it. — 

Would you care for me to repeat that, or. 
is that pretty straightforward? 

Aly aNo, Jixhavetgot fit. 

Q. Can you tell me what is the discount 
in the hydro capacity? 

A. I don't believe that, in this 


calculation, we produce anything which can be said to 
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be the hydraulic discount, with your definition. 

Q. Do you have a similar term that you 
would use? | 

A. No, we do not, because this is 
handled in the modelling program, and I don't believe 
that we have a separate number. 

We do have, in our energy production 


model, which is the d mana strategy test 


| model = MSRM, for short - which is used throughout the 


energy production model, there is a number similar to 
that in there. And it was given in answer to 
interrogatory 10.4.1, if my memory serves me correctly, 
which is a huge volume of data, of all the data that 
goes into the LMSTM model. 

Q. That was that big black binder. 

A. Yes, and the reliability model 
attempts to model the operation of hydraulic in this 
sort of peaking mode, and what it can do and what it 
can't do for peaking purposes. 


The which has to 





consider the whole period of the year, for 
Simplification, does have a similar concept to your 
hydraulic discount in it. So that the hydraulic is not 
overused and that the hydraulic operation comes close 


to actual system operation. 
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Q. I understand that the LMSTM model is 
different temporally from what we have been dealing 


with. We have been dealing with monthly tabulations, 





whereas, I believe, 
wdoes it not? 

Ase Thats correct sit worukevon four 
seasons. 

Q. Wouldn't that have an effect on the 
discount? 

A. What did you mean by that? 

Q. When you have a greater time period, 
doesn't that imply that you can have greater shifting 
of the energy behind the capacity, and, therefore, the 
results could be different? 

A. I'm not implying that the hydraulic 
discount that is in the LMSTM model is applicable to 
the reliabilityPanalysis? Pit) is :applicable:to the 
LMSTM model and only to the LMSTM model, and that was 
the purpose for which it was developed. It is just a 
similar concept which is in some of the materials. 

QO. inttookingwatéf igure £5 ok, rwhicheis 


back on page 10 of Exhibit 137, in evaluating the 


reserve margin on the horizontal axis, what value is 
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I would expect to be used. 

Q. Dependable peak capacity? 

A. «4 Capacity... That: ba,a;Mrme Taborek has 
said, that is very little different to the median peak 
Capacity. The difference between dependable and median 
is quite large in energy and quite small in capacity. 

Typically in our system, the difference 
in capacity is about 200 megawatts between dependable 
and median on the whole system. And that is out of 
about 6000 megawatts of hydraulic. 

In terms of energy, the difference 
between dependable and median is of the order of six 
terawatthours, out of a total of about 36 terawatt 
hours. 

So it is much more significant than 
energy of capacity. For the reserve margin, I believe 
the figure used is dependable peak capacity. But it 
wouldn't change much if it were median capacity. 

Q. Was the same capacity used in 
evaluating the reserve margin for the DSP? 

A. I would expect so. If we were to be 
incorrect in this respect, we will get back to you. 


Q. Thank you. 


Do you count for energy constraints on 
any other resources other than hydraulic? One of the 
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things I was thinking of is something we discussed 
earlier this morning, the fact that there were some 
supply constraints on Lennox in 1989. That is one 
example. 


MR. TABOREK: A. 





example of Bevery limits, and acid gas control 
constraints are examples of energy limits. But in 
those instances, they are not brought into the model, 
because the solution is not to build new generation to 
accommodate them but to improve either your fuel supply 
system or to improve your emission control system, 
rather than just build new generation. So they are not 
in the reliability model. 

MR. SNELSON: A. But there are some 
other energy or, effectively, energy constraints that 
are in the reliability model. 

The use of interruptible loads is limited 
to certain terms and conditions, because they are only 
permitted to be interrupted for so many hours, and so 
that is considered in the model. And, of course, load 
shifting, which is a shifting of load from peak periods 
to off-peak periods, is inherently a zero energy 
contributor. So that is inherently an energy limit 
that is modelled in the system. 


© .e7it’ yous could“turn to page” 20-or 
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Exhibit 137, which is page 75 of the '91 reliability 
review, the third sentence on page 75 reads: 

"In calculating the effect Been seay 
limits on reliability, allowance was made 
for 2000 megawatts of off-peak energy." 
How did = implement this in your model? 
MR. TABOREK: A. You mean how was it in 

the code, or what was the logic that we used to do 
this? 

Q. The input data. 

A. I believe it would be a generator, 
with characteristics to run during the appropriate 
times, but I don't know exactly. I will have to check, 
and I will get back to you if it is different. It 
would be a generator running at 700 megawatts at peak 
and 2000 off-peak; a perfect generator, too, I think. 

Q. Does the 2000 megawatts off-peak have 
any effect on reliability on-peak? 

A. To the extent that it allows you to 
replenish your hydraulic reservoirs, in effect, and 
apply that on-peak, yes. 

Q. Does your modelling account for that? 

A. Yes. 

Q. In looking at this, was the energy 


constraint of the hydraulic units modified? 
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MR. SNELSON: A. Modified from what? 


Q. 


Dealing with that 2000 megawatts, 


what was the effect on the target reserve margin? 


MR. TABOREK: A. A percent or two, I 


believe. 
Oe 
A. 


Q. 


Increase or decrease? 
It would allow a decrease. 


And on the next page, page 21, 


talking about interruptible loads. 
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1 (42526. 4D. mes] It appears as though the interruptible 

Z service contracts have limits on how many hours they 

3 may be invoked. Are these limits modelled in the F&D 

4 model? 

5 Ase es: 

6 Q. How are they modelled? 

Fy A. These are, in effect, another form of 
8 energy limit that Mr. Snelson referred to. 

9 Q. And how are they accounted for in the 
10 model ? 
iba A. I'm sorry, I don't know the answer to 
Ie, that. 


Tren 3°69 Q. Do you know what effect these limits 


would have on the target reserve margin? 





A. No. 
16 Q. Can you tell us whether there 
iL would be a shift one way or the other, to the left or 
18 right? 
19 A. Well, the presence of limits means 
20 that there is less assistance available. It would mean 
Pal that one would require a higher reserve margin because 
22 of the limits. 
23 MR. WATSON: I am about to turn to 
24 another sub-category within reserve margin. You 
25 indicated that you wanted to break at 4:30. 


Farr & Associates Reporting, Inc. 


24 


25 


Taborek,Barrie, 3060 
Snelson,Ryan 
Cr ex (Watson) 


THE CHAIRMAN: Yes, I think we will stop 
then, because it is almost 4:30. 

We will adjourn until tomorrow morning at 
ten o'clock. 

MR. WATSON: Thank you. 

THE REGISTRAR: This hearing is adjourned 
until tomorrow morning at ten o'clock. 
---Whereupon the hearing was adjourned at 4:27 p.m., 


to be resumed on Thursday, May 23, 1991, at 
BO? 00 7a.m, 


JAS/KM/RT [c.copyright 1985] 
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To transcript for Wednesday, the 2lst day of May, 1991, 
Volume 16. 


Page No. Line No. Discrepancy 
2762 9 effluence s/r effluents 
2883 4 quota s/r closure 


Farr & Associates Reporting, Inc. 
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